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Stability of Thin-Walled Steel Elements
of Composite Steel and Concrete
Structures

Yurii Avramenko , Alina Zyhun , Samira Akbarova , and Oleg Yurin

Abstract This paper investigates the behavior of new type of steel and concrete
composite structures.With a view of amore effective use of CFS inmodern construc-
tion (increasing the carrying capacity while reducing the thermal conductivity) the
authors propose to fill the open cavities of thin-walled steel structures with light insu-
lating concrete to create ultralight steel and concrete composite elements. The paper
presents the results of a theoretical analysis of the local stability of thin-walled steel
elements supported by lightweight concrete. The study of the influence of structural
parameters on the local stability of steel elements of reinforced concrete structures.
The comparison of experimental results with the results of calculations is performed
in accordance with the theory of elasticity and the proposed method.

Keywords Local stability · Cold-formed structures · Composite steel and concrete
structures · Plates · Finite element

1 Introduction

Over the past couple of decades, constructions using steel thin-walled cold-formed
profiles (cold-formed structures—CFS) [2, 4], also known as LiteSteel structures,
are becoming more common in buildings.

Among the most common types of cross-sections of cold-formed profiles, should
be allocated the C-sections used primarily as load-bearing structures of ceilings and
walls of low-rise buildings, as well as Z-shaped (Z-profiles), the scope of which are
purlins and wall coverings (see Fig. 1).

In general, the use of CFS in the load-bearing structures has a number of features
caused primarily by their thickness and specific forms of section. Consequently, a
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4 Y. Avramenko et al.

Fig. 1 Example of structures failures as local buckling of CFS members

Fig. 2 Example of structures failures as local buckling of CFS members

significant feature of this type of elements is their possibility of local buckling of
flanges and walls under bending due to axial compression; the bending torsion owing
to the behavior of flexural and compressed members with eccentricities; significant
thermal conductivity of solid profiles, which leads to forming of heat-conducting
inclusions etc.

For the most structures under operating conditions, local loss of stability is
unacceptable and can be the cause of structures failures, as shown in Fig. 2.

Structural failure is the value of critical stresses caused by local bending of
steel thin-walled cold-formed elements (plates) of lightweight composite steel and
concrete structures.

In this respect, one of the ways to increase the carrying capacity of this type of
structural elements can be to fill themwith an ultralight weight concrete. In this case,
the complex structure formed in this manner allows using the advantages of each of
the components in the most efficient way by combining a carrier and heat-insulating
functions.

Thus, the main objectives of these investigations are theoretical and experimental
validation of CFS using efficiency combined with ultralight weight concrete (ultra-
light steel and concrete composite structures) in order to increase the local stability
of thin-walled steel profiles under complex types of deformation.
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The authors suggest to fill the open cavities of thin-walled steel structures with
light insulating concrete to create ultralight steel and concrete composite elements
for a more effective using of CFS in modern construction (increasing the carrying
capacity while reducing the thermal conductivity).

2 Methods of Study

The investigation approach used in this study, develops a numerical model to repre-
sent a behavior of ultralight steel and concrete composite structures (USCCS) under
loading. The intended outcome of this modeling effort and experimental investiga-
tions was to establish a fundamental understanding of the local stability of CFS that
is supported by concrete filling. The numerical modeling was used to confirm the
existing, experimental data which are limited, on the behavior and ultimate capacity
of light steel–concrete composite structures.

Experimental studies were conducted to verify the proposed approach, in which
quantitative and qualitative data. It was the data about obtaining of the influence
of steel elements thickness and concrete composition of reinforced concrete struc-
tures on local stability and stress–strain state of compressed steel and reinforced
concrete structures under static load and their bearing capacity and the nature of the
destruction. For example, there are concrete cubes 100 × 100 × 100 mm, which are
supported on both sides by steel plates, 1 mm thick.

Separate plates (compartments) of steel structural elements are calculated and
simplifications are introduced, which consist in the improvement of conditions of
plate edges fixing and contour loads are introduced into the schematization. Freely
supported plates are considered inmost available studies and freely supported contour
is provided in practical calculations. Actual fastening conditions can occupy any
intermediate position between free support and fixed support, but the difference in
the magnitude of the critical load can be quite significant.

The commercial finite element (FE) computer package [1, 8] was used to generate
the numerical models. The accuracy and validity of the FE simulation and analysis
were investigated through comparison of the experimental data and the results of
theoretical analysis.

3 Materials Properties

The authors suggest to use the ultralight weigh concrete such a polystyrene concrete
to fill the open cavities of thin-walled steel structures. Expanded polystyrene concrete
is an especially lightweight (ultra-light) concrete with a cementing agent and a
porous aggregate, such as expanded polystyrene aggregate, which can be used as
an insulating and structural material.
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Fig. 3 The initial stress state of the plate on an elastic basis

In this regard, polystyrene concrete is mostly used for building envelopes of
framed structures with a different number of floors, in facade systems, as heat and
sound insulation [5–7, 9, 10, 12–16] between floors and roofing, etc.

It is obvious that the strength and deformation properties of polystyrene concrete
largely depend on its composition, specifically depending in particular the water-
cement ratio and the percentage of porous aggregate and cement. Therefore, the
specific weight and strength of materials are functionally related [11].

Figures 3 shows the received experimetal relationship between specific weight
and strength of standard concrete cubes with polystyrene concrete with different
compositions.

Thus, the analysis of experimental results allows concluding that optimal specific
weight of light polystyrene concrete for ultralight steel concrete composite structures
is 9 kN/m3 with a strength under axial load 3500 kN/m2.

4 Review of Analytical Model

One of the main tasks of the USCCS research is to solve the issue of local stability
of their steel parts. Unlike traditional cold-formed structures, they rely on an elastic
base, which is ultralight concrete. These elements should be considered as thin plates
that come into contact with an elastic base, themodulus of elasticity of which ismuch
smaller. This is a theoretical calculation model. At the same time, the stiffness of
both components of the USCCS usually differs insignificantly.
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Fig. 4 The initial stress state
of the plate, supported by an
elastic base

Thus, the solution of the problem of local stability of steel elements of USCCS
is reduced to the joint integration of the equations of the theory of shells and three-
dimensional theory of elasticity, considering the boundary conditions on the contact
surface of media (steel and concrete) and the conditions of these edges.

From this point of view, the rectangular steel plate is an integral part of the thin-
walled rod and works in this direction in compression. The practical importance of
the study of this necessitates the clarification of known engineering techniques [3],
based on the analysis ofmethods for solving the basic equation of neutral equilibrium.

Z0 = N 0
x ωxx + 2N 0

xyωxy + N 0
yωyy . (1)

Based on the assumption of a linear distribution of displacements in the thickness
of the aggregate (ultralight polystyrene concrete), the equation of stability of a thin-
walled steel plate on an elastic basis was considered by determining the specified
relative to the deflection of the plate ω (Fig. 4).

K1K2L1(ω) − L2(K1ωxx + K2ωyy) + ∇4
0Qz − ∇4

0 (N0
xωxx + 2N0

xyωxy + N0
yωyy) = 0

(2)

where L1, L2 are differential operators of shell theory, considering to account of the
anisotropy of plates.

The most common cases of bearing capacity of the plate along the contour,
compressed in one direction, with the corresponding boundary conditions of the
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Table 1 Comparative analysis of theoretical and experimental bearing capacity of prototypes

Samples series Load-bearing capacity, kN

Lightweight steel thin-walled structural elements

Experimental value Theory of elasticity Estimated value Finite element

POF 2,40 3,04 3,34 3,02

POH 13,30 17,57 17,54 12,03

POR 48,00 42,96 37,52 36,40

Lightweight composite steel and concrete structural elements

PCF 27,00 – 28,23 27

PCH 34,00 – 52,34 45

PCR 92,00 – 74,87 68

unloaded sides were considered. It gives the division of such structures into lamellar
elements.

From systems of homogeneous algebraic equations, considering the deformation
of a plate with a rigidly bound elastic base, expressions were obtained to determine
the critical load that is shown in Table 1, which was confirmed by experimental
studies.
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�
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where K1, K2 are the stiffness parameters that characterize the transverse displace-
ments.
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The value of the components is according to the following formulas, taking into
account the compatible deformation of the plate with an elastic base:

�kn = α4
k + 2(2μ1 + ν1)α

2
kβ

2
n + μ21β

4
n ; �

(1)
kn
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2
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2
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4
n ;

�
(2)
kn = �

(1)
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2
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2
n + ε1ε2;

�
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(
2kπ2
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(
2π
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)4
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(7)

where, the isotropy of the plate is taken into account:

μ1 = G
(
1 − ν2

)
E

, (8)

where D1 is the cylindrical stiffness of the plate; ν and E are the Poisson’s ratio and
the modulus of elasticity of the plate material; α and β are the parameters of the plate
formation wave; qzkn - component that takes into account the reaction of the elastic
filler.

qz = 2Gc

√
α2 + β2

f1 + χg1
f2 + χg2

, (9)

where Gc is the shear modulus of the elastic base; νc and Ec - Poisson’s ratio and
modulus of elasticity of the base material.

f = (1 − 2νc)sh2η ∗ +γ+γ−H 2 + 2(1 − νc)(1 − 2νc)
(
1 − γ+

/
γ−

);
f1 = (1 − νc)(sh2η ∗ −2γ−H);
f2 = (3 − 4νc)ch2η ∗ +γ+γ−H 2 + (1 − 2νc)

[
3 − 4νc − 2(1 − νc)γ+

/
γ−

];
g1 = sh2η ∗ −γ+γ−H 2 + 2(1 − νc)(1 − 2νc)

(
γ+

/
γ− + γ−

/
γ+ − 2

);
g2 = (1 − νc)(sh2η ∗ +2γ−H);
χ = −2Gc 2αβdxy−α2dx−β2dy+2Gcγ 3+th η∗

Bγ 2+dαβ−Gc(2αβdxy+α2dy+β2dx)γ+th η∗ .

(10)

Thus, the problem is reduced to the iterative refinement of expressions (3)–(5),
that is the reduction of bearing capacity depending on the nature of the waveform k,
n.

Using the obtained dependences to determine the influence of the properties of
the reinforcing base, the dependences of the interaction N (ν, E) were considered.
The modulus of elasticity Es and the Poisson’s ratio νs varied from 1000 MPa to
100,000 MPa and 0.1… 0.3, respectively, which is covered a significant number of
physical and mechanical properties of concrete.
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A decrease in critical forces is initially observed in the case of a three-layer
structural element for a filler with a very low modulus of elasticity Es at low H. This
is due to the large shear deformations of the aggregate, which reduce the bending
stiffness of the wall so much that it becomes less than the stiffness of the bearing
layers (the stiffness of the walls at H = 0). In fact, with very small Ec modules, the
load-bearing layers operate almost independently of each other when the stability is
lost.

Meanwhile, it is physically clear that critical efforts must continue to grow. The
results of the solutions show that this increase at low modulus of elasticity of the
aggregate is very small, because the parts of the aggregate, far enough from the
carrier layers, do not have a supporting effect on the latter from each other.

Under different conditions of fixing the unloaded edges of a rectangular plate
with a thickness of 1 mm, the obtained dependences are curvilinear. It consists of
increasing modulus of elasticity increases the load-bearing capacity of the structural
element, and increasing the value of νs, in turn, does not significantly reduce the
value of N. ν. It (ν) can be significant for structures whose layers are orthotropic and
have very different Poisson’s ratios.

Based on the condition that the greater strength of concrete significantly increases
the stability not only of thin-walled elements of reinforced concrete structures, but
also perceives considerable effort, which is not always justified. Because under such
conditions the weight of the structure increases significantly, Poisson’s ratio νs was
taken as 0,15, modulus of elasticity Es = 5000 MPa, as the physical and mechanical
characteristics that best correspond to lightweight concretes. It is used in subsequent
experimental studies (Fig. 5).

A detailed analysis revealed that at relatively large values of H (0.1… 0.3 and
more), which exceed the geometric dimensions of the plate, remote parts of the
aggregate do not have a supportive effect. It indicates irrational use of elastic base
material at certain limits conditions and sizes, regardless of the selected material of
reinforcing base.

The main task of experimental research was to obtain quantitative and qualita-
tive data on the influence of steel elements thickness and concrete composition of
reinforced concrete structures on local stability and stress–strain state of compressed
steel and reinforced concrete structures under static load, also with their bearing
capacity and fracture nature.

Modeling of light steel thin-walled plates (PO) and light thin-walled reinforced
concrete elements (PC) in software complexes by the finite element method allowed
to take into account the features of loss of stability of thin-walled steel plate and to
investigate their work in more detail.

Different boundary conditions were applied to the corresponding faces of thin-
walled steel plates to bring the models as close as possible with the help of a software
package. It consists of free edges (POF, PCF), hinged support (POH, PCH), and rigid
clamping (POR, PCR) of unloaded sides.

An additional layer of two-dimensional orthotropic material with a thickness of
0.1mmwas introduced tomodel the reaction properties of the elastic base in conjunc-
tion with the steel component of the structure. This approach allowed obtaining and
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(a) Hinged support

(b) Fixed support

(c) Free support

Fig. 5 Interaction surfaces N (νs, Es) under different boundary conditions of longitudinal unloaded
sides.
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varying the amount of “gluing” of concrete to the plate, and as a result, it is the actual
work of the structure.

As a result of finite element calculations using a computer “Destruction” of the
sample models is as follows: the sample with a hinged support of the steel plate along
the contour is formed by one half-wave in the transverse and longitudinal directions
at a critical load of 45 kN. In the model, which is a reinforced concrete structural
element with rigid clamping of the unloaded sides of the steel plate - two half-waves
in the longitudinal direction and one in the transverse at a value of 68 kN. And one
half-wave in the longitudinal direction at 26.7 kN with free support.

5 Conclusions

Therefore, as expected by theoretical calculations, despite the relatively small
modulus of elasticity of the reinforcing base (lightweight concrete), the bearing
capacity of the samples increases significantly, which indicates the feasibility of
lightweight concrete component in lightweight steel structures to prevent local loss
of stability.

The difference between the critical experimental and theoretical load for the
samples of the series of POF and PCF was not more than 8.9%; for samples of
the POR and PCR series about 14%, because in the theoretical calculation insignif-
icant stiffening ribs were not taken into account for modeling the clamping of the
longitudinal sides. The significant difference in the critical load for the samples of the
POH and PCH series that is due to experimental studies, because it is quite difficult
to obtain an ideal hinge. It is obvious that for samples with a concrete component
this deviation is smaller.
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Some Properties of Fiber-Reinforced
Road Concrete Using Iron Ore Dressing
Wastes

Rasul Akhmednabiev , Lyudmila Bondar , Oksana Demchenko ,
and Vladimir Shulgin

Abstract The results of studies of fine-grained road fiber-reinforced concrete using
iron ore dressing wastes as fillers at the Poltava mining and processing plant are
presented. Ore dressingwastes are crushed rocks of the quartzite group, which are not
worse in strength than granites. Thewaste has a rocky torn surface, which contributes
to good adhesion to the cement stone. The uniformity of the of polypropylene fibers
distribution in the volume of the concrete mixture was assessed by the change in the
degree of separation. The dependences of homogeneity of a concrete mixture with
different amounts and volumetric concentration and length of polypropylene fibers
on the duration of mixing have been obtained. The graphs were built and the optimal
duration of mixing the concrete mixture was determined.

The influence of polypropylene fibers on the strength of concrete of different
grades has been investigated. The research results indicate that polypropylene fibers
do not have an adhesive bond with cement stone and, therefore, cannot significantly
increase the strength of concrete in comparisonwith steel fibers.However, polypropy-
lene fibers can have a positive effect on the crack resistance and dynamic strength of
road concretes.

Keywords Iron ore dressing wastes · Polypropylene fibers · Degree of separation ·
Volumetric concentration of fibers · Homogeneity of concrete mix

1 Introduction

With the development of scientific and technological progress, mankind extracts
more and more minerals from the earth. The careers are getting deeper and the envi-
ronmental impacts are becoming more tangible. As you know, almost all the fossils
that mankind extracts from the earth have associated rocks or waste is generated
after their use. One way or another, a large amount of waste accumulates on the
ground. Some wastes are mineral raw materials suitable for further use in activities
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of mankind, for example, ash and slag from thermal power plants, waste of ferrous
and non-ferrous metals. In some developed countries, such waste is used almost
100%, and in Ukraine—only about 15%.

On the territory of Ukraine there are six largest mining and processing plants,
which form the lion’s share in the Ukrainian production of concentrate, pellets and
agglomerate.

At Poltava Mining and Processing Plant, dry magnetic separation wastes are sold
in the form of crushed stone, and 335 million m3 of wet magnetic separation waste is
stored in a sludge storage facility. Annually, Poltava MPP produces about 11 million
m3 of wet magnetic separation waste, which is currently not used.

Review of Literary Sources. A feature of the large-tonnage waste of mining and
processing plants is that technogenic raw materials have crystalline structures and
do not contain organic impurities [1]. They are crushed material in which its texture
and structure are disturbed, as well as, in many respects, the morphology of indi-
viduals and aggregates of minerals. Due to the extraction of ore minerals from the
grinding products, the mineral and chemical composition of the dressing wastes
differs significantly from the composition of the original ore. The storage of waste
in storage facilities is accompanied by gravitational differentiation of the crushed
material. As a result, the mineral and chemical composition of stale waste in specific
areas of the storage facilities differ markedly [2].

As you know, alongwith by-products of iron oremining andfinely groundwaste of
wet magnetic enrichment at mining and processing plants of Ukraine, dry magnetic
enrichment units of crushed mass operate in the technological line for crushing
ferruginous quartzites, resulting in crushed stone. The main physical and technical
properties of crushed stone from dry magnetic enrichment waste of ferruginous
quartzite are practically not inferior to granite and therefore it is recommended for
use as a coarse aggregate in the preparation of concrete for monolithic structures and
as a ballast material in construction and road works [3].

Waste of wet magnetic separation by grain size composition is a finely ground
material containing 70 … 75% of grains with a particle size of 0.085 … 0.16 mm
and 7.7 … 17.3% of grains with a particle size of 0.16.,.. 3, 0 mm, specific surface
area 30 … 40 m2/l [4].

The experience of crushed stone use and sand of ore dressing wastes as concrete
aggregates shows that they allow, in many cases, to increase the strength and density
of concrete, its frost resistance, impact and abrasion resistance, in comparison with
traditional aggregates [3, 5].

Several authors investigated the possibility of using other industrial waste in the
technology of building materials production [6, 7].

Concretes with the use of aggregates from iron ore dressing wastes have an
increased density due to the presence of iron residues in their compositions. Such
concretes are more suitable for road construction. However, road concretes must
be able to maintain their operational characteristics under conditions of constant
exposure to dynamic loads and corrosive environments inherent in roads.
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Since the beginning of the last century, a method has been known to increase
the dynamic strength of concrete by introducing fibers into their composition. This
method is called fiber reinforcement. At present, experience has been accumulated
in the use of various types of fibers, both steel and polymer, and even of plant origin,
for fiber reinforcement of concrete.

Materials Used in the Work. Portland cement PC 500 of Ivano-Frankivsk plant
was used as a binder. As a fine aggregate—waste of wet magnetic separation of the
Poltava Mining and Processing Plant with a modulus of 1.01; as a large aggregate,
crushed stone of 5–10 mm fraction from dry magnetic separation waste of the same
plant. As a fiber reinforcement—polypropylene fibers with a diameter of 0.1 mm
of various lengths. A superplasticizer based on modified polycarboxylates “Fluid
Premia 196” was used in the work.

ResearchMethods: The properties ofmineral aggregateswere investigated by stan-
dard methods. The activity of the cement was determined according to the DSTU
method.

It is known that the greatest difficulty in the technology of dispersed concrete
reinforcement is the provision of a uniform distribution of fibers in the volume of the
material. Some researchers have developed special equipment for feeding fiber into
a mixer, as well as mixers for mixing dispersion-reinforced mixtures. In this work,
the uniformity of fiber distribution in the volume of the mixture was estimated by
the change in the degree of separation, which is determined by the equation.

S =
(
1

V

)(
1

ρm.a

)∑
n

∑
m
[ρi − ρi.a] · �Vi (1)

where ρm.a—the average density of the concrete mix, kg/m3; ρi—density of
component i, kg/m3; ρi.a—density of component i in the entire volume of the
mixture, kg/m3; V—the total geometric volume of the mixture, m3;m—the number
of samples; n—the number of mixes. In this case, the fibers were considered a
component of the mixture.

The study of the effect of fiber length and their number on the concrete properties
was carried out using mathematical design of the experiment. In this case, the fiber
length varied from10 to 30mm, and its volume content—from1 to 2%. the amount of
superplasticizer varied within 1… 2% of the cement mass. Experimental conditions
are shown in Table 1.

All the studies were carried out on the same composition of the concrete mixture:
cement—500 kg; crushed stone 1120 kg; sand (iron ore dressing waste) 640 kg;
water—200 l. Compressive strength of concrete 54.3 MPa.

ResearchResults. It is known, the degree of separation is a value equal to the specific
average deviation of the density of themixture components from their average density
and characterizing the uneven distribution of the components in the entire volume of
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Table 1 Experimental conditions

Factors Levels of variation Interval of variation

Natural view Coded view −1 0 1

Fiber length, mm X1 10 20 30 10

Volume content, % X2 1 1,5 2,0 0,5

Additive content, % X3 0,8 1,2 1,6 0,4

the mixture. The change in the degree of separation or mixing process over time is
expressed by a decaying exponent.

S = a + (Smax − a)e−kt (2)

where a, k—parameters depending on the nature of the components, on the design
of the mixing equipment, the mixing mode and to be determined by the least squares
methods; t is the mixing time of the mixture, s; Smax—some value of the degree
of separation corresponding to the initial stage of the mixing process. When the
components occupy a separate volume, and the deviation of the density of these
components at a given place from their average density in the entire volume is
maximum.

Smax = 2[1 − 1/V (
∑

m
ρi V

2
i /

∑
m

ρi Vi )] (3)

where V—the total volume of the mixture components, m3;
ρi—density of component i, kg/m3; Vi—the volume of component i, in the

mixture, m3; m—the number of components in the mixture.
The experimental values of the degree of separation were determined from the

equation

S =
(
1

V

)(
1

ρa.m

)∑
n

∑
m
[(ρi − ρi.a)] · �Vi (4)

where ρa.m—is the average density of the concrete mix, kg/m3;
ρi—density of the i-th component, kg/m3;
ρi.a—is the average density of the i-th component in the entire volume of the
mixture, kg/m3;
V—the total geometric volume of the mixture, m3;
n—the number of mixes;
m—the number of samples taken from the mixture.

Fiber was loaded into a laboratory compulsory-type concrete mixer alongwith the
components of the concrete mixture. The effect of fiber length on the uniformity of
distribution was determined at a volume content of 2%. The effect of the volumetric
content on the uniformity of distributionwas determinedwith a fiber length of 20mm.
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At certain time intervals according to the experiment, the mixture was unloaded from
the mixer into a laboratory flat bucket with an area 1 m2. Samples were taken from
the mixture in a checkerboard-nesting manner. The samples were weighed and the
volume was measured, after which the cement was washed out of the samples with
water. The remaining mass was dried and separated into individual components.
Thus, the data necessary to assess the uniformity of fibers distribution in the mixture
were determined.

Taking the degree of separation as a random variable, to determine the position
of the found values of S, the method of mathematical statistics was used and the
numerical characteristics were found.

• mathematical expectation

M =
∑m

i=1

Si
m

, (5)

• standard deviation

σ = √
D =

√∑m

i=1
(S1 − M)2/(m − 1), (6)

• the coefficient of variation

ϕ =
( σ

M

)
· 100 (7)

The calculation results are shown in Table 2.
Based on the results of mathematical processing of the obtained data, the graphs

the separation degree dependence on the length of the fiber (Fig. 1) and the volumetric
content of the fiber (Fig. 2) were constructed.

Analysis of the graphs shows that fiber length has a significant effect on the
uniformity of fiber distribution in the volume of the mixture. With increasing fiber
length, the degree of separation increases.

Obviously, with increasing fiber length, the number of contact points between
them increases, which leads to the formation of lumps.

The graphs in Fig. 2 demonstrate the nature of the change in the degree of sepa-
ration depending on the volumetric fiber content. As can be seen, with an increase
in the volumetric content of fiber, the degree of separation increases.

Analysis of the graphs in Figs. 1 and 2 shows that the change in the degree of
separation over time is expressed by a decaying exponential and an increase in the
mixing time does not improve the homogeneity of the concrete mixture above a
certain value.

Three periods of mixture formation can be distinguished on the graphs: the first
period is characterized by a sharp decrease in the degree of separation, the second—
by the stabilization of the mixing process in time, the third period is characterized
by a slight increase in the degree of separation, i.e. a decrease in the homogeneity of
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Table 2 Results of mathematical processing of data for experimental determination of the degree
of separation

Characteristics of random
variables

Mixing duration, min

1 2 3 4 5 6

Fiber volume content 1% with a length of 10 mm

M 9.4 4.2 3.2 2.6 2.67 2.71

σ 1.34 0.47 0.32 0.23 0.28 0.30

ϕ 14.0 11.2 10.0 8.09 10.5 11.07

Fiber volume content 1% with a length of 20 mm

M 11.9 7.6 5.0 4.1 4.18 4.2

σ 1.98 0.98 0.61 0.43 0.46 0.465

ϕ 16.8 12.9 12.2 10.4 10.7 10.8

Fiber volume content 1% with a length of 30 mm

M 13.4 10.2 7.9 5.7 6.9 7.0

σ 2.52 1.43 0.96 0.63 0.84 0.85

ϕ 18.8 14.1 12.4 11.09 12.1 12.29

Fiber volume content 1.5% with a length of 20 mm

M 11.8 6.3 5.4 4.65 4.68 4.71

σ 1.77 0.94 0.69 0.52 0.59 0.63

ϕ 15.4 14.7 12.7 11.1 12.6 13.35

Fiber volume content 2% with a length of 20 mm

M 13.6 8.3 7.5 6.55 6.61 6.63

σ 2.34 1.3 0.97 0.81 0.95 0.96

ϕ 17.3 15.8 13.06 12.36 14.05 14.47

Fig. 1 Change in the degree
of separation of concrete
mixture depending on the
mixing
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Fig. 2 Variation of
separation degree depending
on fiber concentration and
mixing time

the mixture. Obviously, with prolonged mixing, the process of formation of lumps
from fibers is enhanced. Therefore, the mixing time of the components of themixture
should be limited to the second period.

The paper studies the effect of the amount and length of fiber on the strength of
heavy concrete. In the study, the method of mathematical planning of the experiment
was applied. The conditions for planning the experiment are given in Table 1. The
studies were carried out on cube specimens with an edge size of 100 mm and prisms
with dimensions of 10 × 10 × 40 cm. The specimens were made in metal molds and
stored in laboratory conditions for 28 days. The components of the concrete mixture
were loaded into a forced action concrete mixer of the following sequence: crushed
stone, sand, fiber, cement, water with an additive. Themixing of the concrete mixture
lasted 5 min.

After solidification, cubic specimens were tested for compressive strength, and
prisms for bending.

The test results were processed by the STATISTICA-10 program and are shown
in Fig. 3.

The graph shows thatwith an increase in the fiber lengthwithin the experiment, the
concrete strength first increases and then decreases. decreases.Obviously, polypropy-
lene fibers, although they do not have adhesion strength with a cement matrix,
contribute to an increase in strength due to friction forces at the fiber-cement stone
interface. It should be noted that the reduction in strength is only 5–7% compared to
unreinforced concrete.

The concentration of fiber in the bulk of concrete, within the experiment, has an
even smaller effect on the strength of concrete. Although it should be noted that with
an increase in the volume concentration of fiber, the strength of concrete, within
the experiment, decreases. So, for example, with an increase in the volumetric fiber
concentration from a minimum 0.8% to a maximum 2.0%, the strength of concrete
decreases by 5.0 MPa from unreinforced concrete, which is almost 10%.

From the point of view of the theory of composite materials, polypropylene fibers
cannot increase the strength of concrete, since the strength of polypropylene is an
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Fig. 3 Surface of influence of length and fiber content on concrete strength

order of magnitude lower than the strength of the concretes under study [8]. Insignif-
icant fluctuations in the strength of concrete with the introduction of polypropylene
fibers can be explained by the small work of the forces of friction of the surface of
the fibers against the surrounding cement stone. As you know, polypropylene is not
wetted with water, i.e. it is a hydrophobic material, in addition, it is absolutely inert
material in relation to the environment of cement hardening. Proceeding from this,
there can be no question that adhesion forces similar to steel reinforcement can arise
between propylene fibers and cement stone. All interactions between these mate-
rials are based solely on frictional forces. It is obvious that the use of polypropylene
fibers for dispersed concrete reinforcement aims at increasing the crack resistance
and resistance of concrete to dynamic loads.

It is known that under the action of repetitive loads in the body of brittle materials,
which are especially road concretes, microcracks appear, which, with prolonged
exposure to dynamics, combine into a macrocrack, which leads to the destruction
of structures [9–15]. The theory of composite materials also gives us a mechanism
for the occurrence and development of microcracks in materials, in particular in
brittle materials. The more brittle the material, the smaller the radius at the crack
mouth and the higher the stress concentration. If the crack encounters an obstacle
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that increases the radius of curvature at the crackmouth, then the stress concentration
decreases sharply and additional work of external forces will be required to achieve
the same stress concentration. In this aspect, the use of polypropylene fibers for
concrete reinforcement makes sense. But it should be noted that the fibers should not
lead to a significant decrease in the strength of concrete.

However, such studies are carried out in this work and their results will be
published in future publications.

2 Conclusion

Based on the results of the carried out studies, the following conclusions can be
drawn:

Waste from iron ore dressing is a worthy replacement for traditional aggregates
of heavy concrete; it was found that the degree of separation of concrete mixtures
filled with polypropylene fibers in the initial period drops sharply and then begins
to increase; the mixing time of concrete mixtures with polypropylene fibers should
not exceed 4–5 min in order to avoid disturbing the homogeneity of the mixture; it
was found that polypropylene fibers contribute to a decrease in strength by 5–10%
within the experiment.
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Calculation of Composite Bending
Elements
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Abstract The article describes the method of calculation of stone beams strength-
ened with side reinforced concrete plates. The method comprises an imaginative
dissection of a composite beam into stone and reinforced concrete parts and further
inspection of the conditions of strain compatibility in the place where both parts
of the combined structure are connected. The paper proves that it is not difficult
to determine the conditions of strain compatibility. It is shown that the degree of
a stone beam and reinforced concrete plates joint action depends on the quantity
and diameter of bonds, their location, as well as on the strength and deformability
characteristics of the stone beam and reinforced concrete plates. The article suggests
that local deformations in bonds are better determined using empirical formulas.
Using a stone beam strengthened with reinforced concrete plates as an example, the
authors proved the efficiency of such strengthening and analyzed the factors of joint
influence. The research suggests that in case of high bond stiffness, the composite
structure can be calculated as monolithic, keeping in mind the usage of two different
materials.
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1 Introduction

Problem statement and research analysis. Scientific research [1–7] suggests different
ways to arrange clips for strengthening stone structures are proposed. Those are
single or double-sided clips that are attached to the wall, usually through clamps
or ruffs. All these structures are designed to strengthen stone structures against the
effect of compressive forces. It is known that the calculation of stone structures is
almost the same as the calculation of reinforced concrete structures. The calculation
of bent structures is analyzed by [7, 8]. Research by [9] presents the calculation
method which takes into account the nonlinear properties of concrete, Nevertheless
all those studies do not consider cases when the element section contains materials
with different characteristics, although it affects their stress-strain state.

Thus, research does not consider bent stone structures strengthened with side
reinforced concrete plates, as well as strengthening structures made of light concrete
blocks with reinforced concrete plates, including light concrete bent structures.

The possibility of using one-sided and two-sided reinforced concrete plates to
strengthen bent stone structures, including structures made of light concrete blocks,
is hindered by the lack of methods for calculating such structures. Both [10, 11]
suggest the method and algorithm for calculating the above-described combined
structures. However, those papers do not cover the issues of rigidity of anchors
connecting the stone and reinforced concrete parts of the composite construction.

2 Method for Calculating

In this regard, the purpose of this article is to develop a method for calculating bent
stone structures strengthened with side reinforced concrete plates.

Results and discussion. Consider a bendable element consisting of three layers (in
a vertical plane) connected by bonds at individual points. Moreover, the side plates
have the same thickness (Fig. 1). Due to the same thickness of the side plates, the
action of the composite design will be subject to a flat bend. Such a structure can be
calculated as one that is only affected by a bending load without torsion and oblique
bending.

For the calculation, as in [11], we mentally divide the composite structure into
two separate layers (two beams), layers 1 and 2 (Fig. 1). The first layer is the stone
part of the composite beam. The second layer is a plate that has twice the thickness
of each of the side plates.

Unknown vertical Si and horizontal Ti forces, where i is the number of the connec-
tion, will act in both the first and second cut-off layers (beams). These unknowns can
be determined by composing the equations of strain (displacements) compatibility
for layer 1 and layer 2 of the composite structure.

The components of the displacements will include:
Vertical displacements at the i point consist of the following components:
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1

2

3

2

Fig. 1 Diagram of a two-layer bendable element. 1—stone beam; 2—concrete plates; 3—bonds

Fig. 2 Diagram of forces in
bonds

1. from bending by external load;
2. from bending by vertical forces Si (Fig. 2);
3. from bending moments created by horizontal forces Ti. In this case, if the force

is above the neutral axis of the beam, the moment is positive. If it is lower, the
moment is negative (Fig. 2);

4. from local deformation at the point of application of the vertical force Si (bond
deformation and concrete crumpling under the bond).
Horizontal movements at the i point are made up of such components as (if the
point is above or below the neutral axis, then the displacements can be either
positive or negative):

5. from bending by external load;
6. from bending by vertical forces Si;
7. frombendingmoments created by horizontal forcesTi in theXOYplane (Fig. 2);
8. from compression (stretching) by Ti forces;
9. from local deformation at the point of application of the horizontal force Ti.

All the components of displacements, except for displacements according to
clauses 4 and 9, are determined by the known formulas for the resistance of materials
[12].
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Fig. 3 Diagram of
deformation of a reinforcing
bar under the action of a
transverse load 1—finite
elements of concrete (stone);
2—finite elements of a
reinforcing bar

Let us focus separately on displacements from local deformation. At first glance,
the most accurate solution to this problem seems to be by modeling with three-
dimensional finite elements using the well-known software Ansys, Abacus, Lira, etc.
However, a detailed analysis reveals almost insurmountable obstacles. The most
important of them is the correct modeling of the connection between the concrete
and the anchor when it is acting on a load perpendicular to its axis. The fact is that
when the anchor is working on a transverse load, one part of the concrete under the
metal rod is crushed, and the opposite part “moves away” from the concrete almost
without any resistance (Fig. 3).

In addition, it is known that the concrete in the contact zonewith the reinforcement
has mechanical characteristics that differ from the characteristics of the main part of
the reinforced concrete element.According toM.M.Kholmyansky [13],microcracks
are formed in the contact zone of reinforcing bars and concrete, which are difficult to
account for by calculation. The deformability and strength of the contact layer may
differ significantly from similar characteristics of the main concrete.

Modeling using one-way bonds (from the side of reinforcing bars separation from
concrete) is also not acceptable due to the above-mentioned properties of the contact
layer. The above facts are easily verified by experimental research.

In this regard, the displacements of the anchor from the transverse load should be
determined experimentally. The recommendations [14] provide a formula obtained
from processing experimental data, from which it is possible to determine the trans-
verse displacement of a reinforcing bar loaded with a load perpendicular to its axis:

aloc = 1000
Q2

d3
s E

2
c

+ Q

ds Ec
(1)
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where ds and Ec are, respectively, the diameter of a reinforcing bar and the modulus
of concrete deformations; Q is the force applied to the reinforcing bar in the direction
perpendicular to its axis.

The empirical formula (1) integrally takes into account all the facts of the complex
stress-strain state of the reinforcement-concrete system.

Equating the displacements vi and yi for the beam of the first layer (the stone
part) to the same displacements for the beam of the second layer, we get the equation
of strain compatibility at the i point of the structure. By composing such equations
for all n points of the composite beam, it is not difficult to obtain a system of 2*n
equations with 2*n unknowns T1…Tn, S1…Sn. The calculation algorithm based on
a system of equations for the compatibility of deformations allows for a detailed
analysis of the gain efficiency when varying different factors. At the same time, the
software (the authors wrote it in Pascal) is quite simple, but the effectiveness of
its use is high in terms of selecting the thickness of the reinforced concrete plate
required by the designer, the number and diameter of anchors connecting the cage
to the strengthened stone bending element.

After determining the unknowns, each of the two beams (stone and reinforced
concrete plate) is calculated as a statically definable structure, which is affected by
external forces and unknown forces T1…Tn, S1…Sn in bonds determined from the
solution of the system of compatibility equations.

The degree of compatibility of stone beams and side reinforced concrete plates
depends on the number of anchors, connecting the parts of the composite beams, posi-
tion of anchors, their diameter, and the mechanical characteristics of the stone part
and reinforced concrete plates. Let us conditionally call this degree of compatibility
“the gain coefficient”. This coefficient k is equivalent to the ratio of the maximum
bending moment in a non-strengthened stone beam from the action of an external
load to the maximum bending moment in the stone part of the strengthened beam. In
other words, if the calculation based on joint action shows that themaximum bending
momentMst acts in the stone part of the combined beam, and the maximum bending
moment in the beam from the external load is M, then the gain coefficient k will be
determined in the following way:

k = M/Mst > 1 (2)

It should be noted that when composing a system of equations for the strain
compatibility, the malleability from local deformation of the first layer (the stone
part) and the second layer (reinforced concrete plates) will be different.

The degree of influence of the bond stiffness on the operation of the composite
structure will be shown by an example. Let’s assume that there is a stone beam
consisting of D500 aerated concrete blocks. Beam width b1 = 200 mm, its height is
300 mm, the span is 3000 mm. Aerated concrete blocks are strengthened with side
reinforced concrete plates arranged symmetrically on both sides. We will vary the
thickness of reinforced concrete plates b2/2 (meaning that the total thickness of one
plate is equal to b2). Let the bonds be arranged in two horizontal rows, located at a
distance of 50 mm from the top and bottom of the axis of the composite beam. The
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Table 1 Results of the composite beam calculation

Variant b2 n Gain coefficient k when ds equals

3 6.5 10 14

1 10 2 1,5 1,61 1,64 1,65

2 10 3 1,8 1,93 1,96 1,97

3 10 5 1,79 1,87 1,88 1,88

4 20 2 1,75 2,04 2,11 2,15

5 20 3 2,4 2,9 3,01 3,06

6 20 5 2,44 2,73 2,78 2,8

7 40 2 2,0 2,59 2,79 2,89

8 40 3 3,24 4,93 5,47 5,74

9 40 5 3,45 4,45 4,68 4,77

bond beams are distributed symmetrically along the length of the beam, their number
n is variable. The diameter of bonds ds also varies. Let a uniformly distributed load
q= 10 kN/m act on the stone part of the beam. Table 1 shows the calculation results
of such a composite beam.

As can be seen from the table, the reinforcement efficiency is affected by the
diameter of the anchors ds, the thickness of the concrete plate b2, and the quantity of
anchors n. A significant increase in the anchor diameter has little effect on increasing
the gain coefficient. For example, with an anchor diameter of 14 and 10 mm, the gain
coefficients differ slightly. The difference in the gain coefficients for different anchor
diameters is greater the thicker the side reinforced concrete plate.

We can also conclude that for small spans, the most effective is a small number
of anchors connecting a stone beam with a reinforced concrete plate, which differs
from the requirements for the location of anchors when installing reinforced concrete
clips [5]. These tables also show that the reinforced concrete plate can significantly
strengthen the stone element (in the example given it is five or more times), which
indicates a fairly high efficiency of using such structures.

It should be noted that the results shown in Table 1 were obtained without taking
into account the crack formation in the composite beam and the nonlinear properties
of materials. Research on the nonlinear properties of the material of a clip and a
stone beam, as well as on their cracking can be performed iteratively, changing
the equivalent stiffness of the stone part and the reinforced concrete plate at each
iteration.

If the connections connecting the stone part and reinforced concrete plates are
malleable, then the zero point of the stress plot in the stone part and in the reinforced
concrete plates will be located at different distances in height (Fig. 4). In this case, it
is possible that the zero stress point in the stone element is higher than the zero stress
point in concrete and vice versa. The ratio depends on the degree of malleability of
anchors, deformability of the stone and reinforced concrete parts, and their reinforce-
ment. All these factors are easily determined by iterative calculation, when at each
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Fig. 4 Possible forms of stress plot in the compressed zone of the composite element. a)—The
zero point of stress in the stone element is higher than the zero point of stress in concrete; b)—Vice
versa. 1-stresses in the reinforced concrete plate; 2-stresses in the stone part

iteration, after determining the forces in the links, the stone and reinforced concrete
beams are considered separately.

As a result of the flexibility of bonds, in addition to the various locations of the
zero points of the stress plot, deflections of the stone part and reinforced concrete
plates are different as well. There is a shift of the stone part relative to the reinforced
concrete one. This factor is also easily determined using a computer-based calculation
software developed by a method based on the compilation of a system of equations
for the compatibility of deformations of two layers and the determination of unknown
forces in the bonds. This theoretical fact of displacement of the stone part relative to
the reinforced concrete plate has been empirically tested in [15–20].

If the stiffness of the anchors is high and local deformation can be ignored, then
the composite beam can be considered as a monolithic consisting of two different
materials in cross section. According to expression (1), the flexibility of the bonds
depends on the diameter of the bond and the modulus of deformations of the concrete
and stone part. The condition when the pliability of the bonds can be ignored is easily
obtained by varying the stiffness of the bonds according to the software developed
on the basis of the suggested methodology. The authors claim that the calculation of
the composite structure, which can be considered monolithic, should be carried out
using the method of calculated resistances of reinforced concrete [5], which is the
subject of further research.

3 Conclusions

The paper suggests a method for determining the forces in the bonds connecting two
parts of a composite structure, based on the compilation of conditions for the compat-
ibility of deformations at the location of the bonds. The degree of joint action of stone
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beams and reinforced concrete plates is dependent on the number and diameter of
bonds, their location and the strength and deformation characteristics of stone beams
and reinforced concrete plates. With a high stiffness of the bonds, the composite
structure can be calculated as a monolithic one, but taking into account the presence
of two different materials in the cross section.

Further research is needed to develop a method for calculating the composite
structure in the case when the malleability of anchors can be ignored, using the
method of calculated resistances of reinforced concrete.
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Thermo-Technical Issues of Ventilated
Facades in Azerbaijan

Samira Akbarova and Yurii Avramenko

Abstract Whenutilization the technologyof ventilated facades for anybuildings it is
often necessary to solve complex technical and technological issues for designers and
operators. By implement architectural solutions and ideas it is essential to calculate
major thermo-technical characteristics of the facades, the location of each bracket,
structural elements, complex joints in order to avoid or minimize thermal bridges.
Ventilated facades usually have very complicated geometric shapes and configura-
tions.This article reflects an expert assessment of the thermo- technical issues of using
ventilated facades in harsh wind operating conditions in terms of reducing the heat
bridges. The effect of wind on the ventilated facade systems for climate indicators
of the city of Baku is considered. Measurements of the wind speed along the facade
height and air velocity in the cavity had been carried out with the multi-functional
measuring instruments Testo. An increase in wind speed leads to the growth of the
cavity air velocity that is achieved 1–1.5 m/s and as result, it causes declining in the
thermal resistance of the external wall. The resulting approximation equation accu-
rately reflects actual air velocity in the air gap. Themain consequences of the thermal-
technical issues are revealed. Findings can be used for calculated- experimental
control of the facade thermal characteristics in order to fulfill a multi-disciplinary
energy audit of the building.

Keywords Ventilated façade · Thermo-technical issues · Wind speed · Ventilated
air gap · Air permeability · Operating conditions
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1 Introduction

Although the facade cladding technology with a ventilated air gap is very popular
today and it has been sufficiently studied by specialists and scientists around the
world, still there are some issues in point of their application to specific projects in
regions with a humid windy climate [1]. When using the technology of ventilated
facades, it is often necessary to solve complex technical and technological issues for
designers, architects and operators [2]. Oftentimes by implementing architectural
solutions and ideas, it is essential to calculate major thermo-technical characteristics
of the facade, in particular, the location of each fasten andbracket, structural elements,
fixing substructures, complex joints in order to avoid orminimize any kind of thermal
bridges [3, 4]. Ventilated facades (VF) usually have a sophisticated geometric shape
and configuration [5]. Sometimes a complicated configuration thought out by an
architect requires accurate calculations and even the necessity to develop a separate
project for facades with a ventilated air gap [6, 7]. For example, mounting of window
spaces window sills, the stained-glass windows, a combination of any transparent
elements with an opaque wall, the presence of oval or sharp external corners of the
buildings should be considered separately and they should be designed precisely. In
addition that, sometimes there may be deviations along the wall height up to 4 cm per
floor that is why in order to avoid the deviations along the facade height no more than
the normalized 3–4 mm per floor it is needed to design its own project for facades
with the ventilated air gap [8].

This article reflects an expert assessment of the thermo-technical issues of using
ventilated facades in harsh operating conditions in order tominimize thermal bridges.
The effect of wind on VF for climate indicators of Baku is considered. The main
characteristic consequences of the thermo-technical issues are given.

2 Methods

2.1 Facade Design Solutions

The building facade system with a ventilated air gap has a number of significant
differences from the known wall structures without a ventilated air gap and the
thermal insulation layer. Figure 1a shows a general view of the wall facade system
with the ventilated air gap. The thermal insulation layer is located in the air gap of the
facade system, the system has a metal substructure and a front panel that determines
the architectural appearance of the building. Figure 1b represents the percentage of
various types of front panels for VF utilized in Azerbaijan.

Ventilated facades are called ventilated because there is a ventilation gap between
the front panel and the thermal insulation layer if during installation the ventilation
gap is overlapped moisture of the air can destroy the insulation [9]. The minimum
gap thickness is between 30–70 mm and the maximum is regulated by fire safety.
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Fig. 1 a) Constructive scheme of a vertical cross-section of VF: 1- main masonry; 2- thermal
insulation; 3- ventilated air gap; 4- front panel; 5- fixing substructure; 6- moisture protected layer;
b) Different types of front panels, used in Baku, in %: 1-polyurethane, 2- composite panels, 3-
porcelain stoneware, 4- fiber-cement panels, 5- metal cassettes, 6- natural stone

The main mistake in the implementation of VF is the installation of some devices
on the building envelope, such as air conditioners, which are strictly prohibited by
the manufacturers. If necessary, they can be mounted directly on the supporting
main wall, having previously cut out the corresponding space in the front panels and
thermal insulation layer [10, 11]. The next issue is when during the restoration of
the historical buildings it is unwanted to apply VF. For the buildings, which were
built in the early eighteenth century, the wall structures with VF are not used in
Baku, because the installation technology involves the utilizing of a metal frame
for the installation of insulation and cladding panels since the weight load on the
exterior walls can be significant. The use of ventilated facades for old buildings of
the nineteenth century with brickwork is excluded, that kind of buildings and houses
there are in Baku, Ganja, Nakhchivan, Shusha cities of Azerbaijan.

2.2 Climate Conditions

In Baku, ventilated facades have been widely used for about 25–30 years. There is
an opinion that ventilated facades can be mounted year-round under any climatic
conditions, but not in Baku, not without reason Baku is called the city of winds. The
location of the city on the Absheron Peninsula with an amphitheater to the Caspian
Sea determines the constant presence of northerly strong winds all year round. Here,
100–150 days per year the wind speed exceeds 15 m/s, and the average annual wind
speed is 6–9 m/s, and on some days hurricane winds are also possible at speeds up
to 40 m/s. In addition that, the difference in air temperature and humidity can be
significant in different parts of the city. Increased humidity during all year dictates a
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more careful choice of fasteners made of expensive galvanized steel with a polymer
coating, telescopic brackets with movable insert parts, reliable thermal suppressors
[3] and so forth. Due to wind effects for the decoration of high-rise buildings above
7 floors with a height of more than 20 m, lightweight cladding front panels are
preferred. For the lower floors, less than seven, there are used expensive natural
stones, various composite materials. Ceramic granite is also very popular in Baku
for VF (Fig. 1b).

3 Results

It is widely known that wind influence is one of the dominant driving force for
building facade thermal performance. The air movement in the air gap of the façade
occurs under the influence of wind pressure and buoyancy. In general, air velocity
should be calculated using the formula below [12]:

VC =
√
k · V 2

10 + 0.08 · L · (tC − text )∑
iεi

(1)

V10 - average speed of wind, m/s, on the terrain according to the meteorological
data on the height H = 10 m;
L - height difference between the air cavity inlet and outlet, m;∑

i ξi− sum of the local aerodynamic drag coefficients;
ξ = 5.5 - for input where airflow is bent;
ξ = 4.5- for output where airflow is sharply bent;
(t c − text ) - difference between the mean air temperature in the cavity and the
mean external temperature that is taken between (1.5–2.5), 0C;
k - coefficient of the wind speed change, based on building’s height, H, m [13–15]:

k ≈ 0.123 · √
H (2)

The speed of wind can be calculated based to any building’s height, H, more than
10 m using the formula [13]:

VH = V10 ·
(
H

10

)β

(3)

β - local terrain exponent, coefficient, that depends on the area type;
β = 0.4, β = 0.28, β = 0.16 for urban area with the buildings height H > 25 m,
H = 10-25 m, H < 10 m respectively [12].
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Table 1 Engineering calculation results based on formulas (1–3)

No L, m VH, m/s VC, m/s

1 7.2 7 8 9 1.39 1.54 1.68

2 14.4 8.1 9.26 10.41 1.55 1.72 1.88

3 21.6 9.53 10.89 12.24 1.76 1.94 2.12

4 28.8 10.69 12.21 13.74 1.91 2.12 2.31

5 36.0 11.68 13.35 15.02 2.05 2.26 2.47

6 43.2 12.57 14.36 16.16 2.16 2.39 2.61

7 46.8 12.98 14.83 16.69 2.21 2.45 2.67

Table 2 Experimental data of average wind speed and average air velocity in air gap

No L, m Vf, m/s V, m/s

1 7.2 7 8 9 1 1.13 1.2

2 14.4 7.8 8.8 10 1.11 1.18 1.26

3 21.6 8.8 10 11.3 1.18 1.26 1.34

4 28.8 9.6 11 12.3 1,2 1.32 1.4

5 36.0 10.2 11.7 13.2 1.3 1.36 1.45

6 43.2 10.8 12.4 13.8 1.3 1.4 1.48

7 46.8 11.1 12.7 14.2 1.33 1.43 1.51

Results of calculated air velocity (VC) and wind speed (VH) by the formulas 1–3
are given in Table 1.

Measurements of air velocity in the air gap for seven different points through the
open joints of the cladding panels of VF and wind speed along the building height
had been carried out by testo. The next empirical equation allows to approximate
a full-scale experimental values of the air velocity in the air gap (V ) depending on
wind speed (Vf ) according to the façade height (Table 2):

V = 0.4 · V 0.7
f (4)

Analysis of experimental and calculated results shows that the higher wind speed
causes greater air velocity in the air gap along the facade height (Fig. 2).
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Fig. 2 Dependence betweenwind speed and air velocity in the cavity along facade height according
to experimental data Table 2: and for V10 = 7m/s, and for V10 = 8m/s,

and for V10 = 9 m/s

4 Discussion

It must be admitted that during recent 10 years, almost all restored buildings in
Azerbaijan were arranged with ventilated facades but without any thermal insulation
layer, which should be attached to the outside of the main masonry. But today, for
multi-story multi-functional buildings, mineral wool with vapor barrier and hydro-
wind protection layer are used for wall insulation, an example of this can be the
buildings of Panorama Park Baku class A residential complex.

In Baku, the external walls with air gaps are used everywhere especially for the
reconstruction of the housing stock for buildings of 5–9 floors. VF is used for high-
rise buildings and skyscrapers up to 100 m high, which determines the features of
their thermo-physical properties. Today, some experts believe that ventilated facades
have no obvious thermo- technical issues. But the many years of experience in their
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design and operation gives full reason to local experts to assert the existence of tasks
that must be solved throughout the entire life cycle of the building.

The purpose of this article was to study the thermal- technical characteristics of
a naturally ventilated facade system under extreme wind conditions. Analysis of the
results of the full-scale experimental study on the thermal performance of the air
cavity of ventilated façade allows us to summarize:

1-an increase of wind speed along facade height leads to the growth of the cavity
air velocity that is achieved 1–1.5 m/s (Table 2) and as result, it causes declining in
the thermal resistance of the external wall and enlargement of the heat bridges. The
resulting approximation Eq. (4) more accurately reflects actual air velocity in the
cavity, allows to calculate air velocity in the air gap depending on wind speed and
may be used for express calculation methods;

2-the main thermo-technical engineering issues arising from the operation of
ventilated facade systemswith the air gap canbe a regular accumulation ofmoisture in
the thickness of the structure and in the air gap and thermo-technical heterogeneity of
the facade andwall structure as awhole. Themain reasons for that are poor ventilation
of the air gap, significant resistance to vapor permeation of the windproof membrane,
increased vapor permeability of the main masonry of the wall and the presence of the
thermally conductive inclusions due to incorrect design. As the consequence, there
are reduced durability of the usedmaterials, deterioration of the building appearance,
reduced thermal resistance of the structure and low value of the coefficient of heat
engineering uniformity.

5 Conclusions

The main thermo-technical issue related to VF is the fact that there are unac-
counted thermal conductive elements and joints in its structure as the formation
of low-temperature zones is possible at the points of inclusion of thermal conduc-
tive elements. These issues can be solved through the use of modern materials for
anchoring fasteners, as well as optimizing the thermal and humidity regime for each
individual case of the wall structure [16]. The article summarizes that the issues
encountered during the operation stage of such systems lead to a decrease in the
thermo-physical properties of the facade and require further research.

It should be highlighted that the market VF in Azerbaijan has stabilized somewhat
in the recent 10years.Nowadays here there are new type front panelswith inbuilt LED
which give unlimited illumination possibilities. And besides, since the assortment
has expanded and there is a variety of front panels, for example, they can match the
structure of wood, be with a mirror surface like polished metal, etc. it increases bold
architectural solutions. It is important that local specialists will continue to improve
the methodology of a complete and accurate thermal engineering calculation of VF
based on national construction norms and standards in combination with on-site
experiments and theoretical studies.



42 S. Akbarova and Y. Avramenko

References

1. Gagarin V, Kozlov V, Tsykanovsky E (2015) Thermal protection of facades with ventilated air
gap. J ABOK 8:70–81

2. Gagarin V, Kozlov V, Lushin K (2015) Calculation of the velocity of air in the air gap facade
systems, where natural ventilation. Int J Appl Eng Res 10(23):43438–43441. http://www.rip
ublication.com

3. Bienvenido-Huertas D, Rodríguez-Álvaro R,Moyano J,Marín D, Rico F (2019) A comparative
study of the methods to assess the thermal transmittance in opaque Wall in the Mediterranean
winter. Inf Constr 71(554):e288. https://doi.org/10.3989/ic.62542

4. Mammadov N, Akbarova S, Rzayeva N (2018) Building energy auditing is a tool to improve
their energy efficiency. In: Ingenieurtag. Brandenburq Technical University, Germany, pp 210–
219. https://opus4.kobv.de/opus4btu/frontdoor/deliver/index/docId/4724/file/4_Ingenieurtag_
2018.pdf

5. Halawa E, Ghaffarianhoseini A, Ghaffarianhoseini A, Trombley J, Hassan N, Baig M (2017)
A review on energy conscious designs of building façades in hot and humid climates: Lessons
for (and from) Kuala Lumpur and Darwin. Renew Sustain Energy Rev 82:2147–2161. https://
doi.org/10.1016/j.rser.2017.08.061

6. Petrichenko M, Musorina T, Statsenko E, Ostrovaia A, Tarasov1 V (2016) Functionality of
ventilated facades: protection of insulation. In: International Scientific Conference Week of
Science in SPbPU. https://doi.org/10.1051/matecconf/20165301036

7. Gagarin V, Guvernjuk S, Kozlov V, Ledenev P, Tsykanovsky E (2010) Results of researches
of properties of hinged facade systems with the ventilated air layer in the frame of the grant of
the russian fundamental researches fund «Aerothermophysics of nontight bodies in low speed
air streams». Constr Sci J 3:261–278

8. Prada A, Baratieri M, Gasparella A (2013) Analysis of the impact of ventilated cavities on the
performance of opaque components. In: 1st IBPSA- Italy International Conference

9. Gagarin VG, Kozlov VV (2010) Teplofizicheskie-raschety-pri-proektirovanii-navesnyh-
teploizolyacionnyh-fasadnyh-sistem-s-vozdushnym-zazorom. https://docplayer.ru/43635078-
Teplofizicheskie-raschety-pri-proektirovanii-navesnyh-teploizolyacionnyh-fasadnyh-sistem-
s-vozdushnym-zazorom.html, Accessed 11 Jan 2021

10. Mammadov N, Akbarova S (2018) Multi-disciplinary energy auditing of educational buildings
in azerbaijan: case study at a university campus. In: IFAC, International Federation ofAutomatic
Control. International Conference, vol 51, no 30, pp 311–315. https://www.sciencedirect.com/
journal/ifac-papersonline, Accessed 16 Jan 2021, https://doi.org/10.1016/j.ifacol.2018.11.308

11. Tabunschikov Y (2014) Road map of green construction in russia: problems and growth
perspectives. J Sustain Build Technol (3). www.abok.ru/for_spec/articles.5786

12. SNiP 2.01.07–85* (1985) (Russian acronym, Construction Norms and Regulations). Loads
and exposures. In Russian

13. Gagarin V, Guvernjuk S, Kozlov V, Ledenev P, Tsykanovsky E (2010) Results of researches
of properties of hinged facade systems with the ventilated air layer in the frame of the grant of
the russian fundamental researches fund «Aerothermophysics of nontight bodies in low speed
air streams». Constr Sci 3:261–278

14. Semko O, Yurin O, Skliarenko S, Avramenko Y (2017) Thermophysical aspects of cold
roof spaces. In: MATEC Web of Conferences. Transbud – 2017: Structure, Materials and
Infrastructure, vol 116–2017, p 02030. https://doi.org/10.1051/matecconf/201711602030

15. Leshchenko MV, Semko V (2015) Thermal characteristics of the external walling made of
cold-formed steel studs and polystyrene concrete. Mag Civil Eng 60(8):44–55. https://doi.org/
10.5862/MCE.60.6

16. Katunska J, Bullová I, Špaková M (2017) Analysis of air flow in the ventilated insulating air
layer of the external wall. J Civ Eng. https://doi.org/10.1515/sspjce-2016-0015

http://www.ripublication.com
https://doi.org/10.3989/ic.62542
https://opus4.kobv.de/opus4btu/frontdoor/deliver/index/docId/4724/file/4_Ingenieurtag_2018.pdf
https://doi.org/10.1016/j.rser.2017.08.061
https://doi.org/10.1051/matecconf/20165301036
https://docplayer.ru/43635078-Teplofizicheskie-raschety-pri-proektirovanii-navesnyh-teploizolyacionnyh-fasadnyh-sistem-s-vozdushnym-zazorom.html
https://www.sciencedirect.com/journal/ifac-papersonline
https://doi.org/10.1016/j.ifacol
http://www.abok.ru/for_spec/articles.5786
https://doi.org/10.1051/matecconf/201711602030
https://doi.org/10.5862/MCE.60.6
https://doi.org/10.1515/sspjce-2016-0015


Calculation of Wooden Elements Based
on the Nonlinear Deformation Model

Natig Baghirzade

Abstract Currently, construction norms recommend developing calculation
methods based on real nonlinear deformation diagrams of materials in general and
structural elements in particular. Recent studies based on nonlinear models have
shown that the calculation of compression elements, especially based on nonlinear
deformation models, is accompanied not only by quantitative solutions, but also by
qualitatively new results. In this regard, the development of a method for calcu-
lating compressed wooden elements based on models of nonlinear deformations is
an important task of practical importance. The article develops an effective numer-
ical method for determining the strained state and the load-bearing capacity of
wooden elements operating on off-center compression in general, using a defor-
mation diagram approximated by a quadratic parabola during wood compression.
Applying the hypothesis of flat sections when constructing a method, the level of
deformation on the edge and the relative height of the compression zone of the cross
section linearly determined by comparing the curved axis of the shaft with a sine
wave under eccentric compression. The method of numerical solution of the estab-
lished system of solvent equations is explained. The proposed solution methodology
also allows you to build a load-bending graph for a compressed element..

Keywords Nonlinear strain model · Eccentricity · Tension · Deformation ·
Load-bending graph

1 Introduction

The calculation of compressive elements based on linear models leads to different
levels of errors in determining the strained state and load-bearing capacity, depending
on the eccentricity of the compressive force and the flexibility of the compressed
element. Therefore, there is a need to apply a nonlinear deformation model in the
development of methods for calculating compressed building elements, especially
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wooden ones, since only on the basis of such models can we obtain results that are
realistic and consistent with experimental studies. In flexible compressive elements,
the load-bearing capacity is often determined by the stability condition. The paper
develops an effective numerical method for constructing the load - bending rela-
tionship, which is indicated by the use of a diagram approximated by the law of a
quadratic parabola when stretching-compressing the wood.

2 Main Part

2.1 Purpose of the Article

The aim of the article is to develop an effective numerical method for determining the
parameters and load-bearing capacity that characterize the strained state of wooden
elements working on compression, based on a model of nonlinear deformation. The
article presents a system of nonlinear solvent equations for any value of the eccen-
tricity of the compressive force and the flexibility of the element, as well as a method
for numerical solution of the system using any diagram approximated by the law of
the quadratic parabola when stretching or compression of the wood.

2.2 Research Methodology

The solution of the problem for the level of arbitrary load is assumed by the correct-
ness of the hypothesis about the distribution of the longitudinal strain over the cross
section. Then, under eccentric compression, the curved axis of the shaft is approx-
imated by a sinusoid, and the deflection of the most stressed part of the shaft is
expressed by these two parameters. The system of nonlinear equations for solving
the problem is obtained from the equilibrium equations for the considered area.
Based on the level of deformation of the extruded surface, the relative height of the
compression zone of the corresponding cross-section, the deflection parameter and
the load parameter are determined. By varying the strain in equal steps in the strain
region, the parameters characterizing the strained state and the coordinates of the
“load-bend” graph are determined, on the basis of which the bearing capacity of the
compressed element can be defined.

2.3 Results

The wood tension–compression strain diagram can be approximated based on the
following diagram, which includes both the compression work and the tensile work.
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[1–3]:

σ = E · ε − B · ε2 (1)

In general, the accuracy of the flat cross-section hypothesis for an off-center
compressed wooden element is assumed to be [2–5], then we can write that to change
the relative strain along a rectangular cross-section,

εz = ε f

ξ
·
(
z + ξ − 1

2

)
; ξ = x

h
; z = z

h
(2)

(1) According to the diagram, the neutral axis does not pass through the center of
gravity of the cross-section even in pure bending, because the resistance of the wood
material to tension and compression is different, so the distribution of strain over the
cross-section depends on (2). Now, considering Eq. (2) in (1), we can write down
the distribution of normal stresses in the cross-section.:

σz = E · ε f

ξ
·
(
z + ξ − 1

2

)
− B ·

(
ε f

ξ

)2

·
(
z + ξ − 1

2

)2

(3)

Regardless of whether the neutral axis is inside or outside the cross-section, the
following expressions can be written for the main vector of normal stresses in the
cross-section [1, 2] and the headmoment of this vector relative to the center of gravity
of the cross-section. based on Eq. (3):

N = b · h ·
1
2∫

− 1
2

σzdz = b · h ·
1
2∫

− 1
2

[
E · ε f

ξ
·
(
z + ξ − 1

2

)
− B ·

(
ε f

ξ

)2
·
(
z + ξ − 1

2

)2
]
dz

= b · h · ξ ·
⎧⎨
⎩

E · ε f

2
·
[
1 −

(
ξ − 1

ξ

)2
]

−
B · ε2f
3

·
[
1 −

(
ξ − 1

ξ

)3
]⎫⎬
⎭

M = b · h2 ·
1
2∫

− 1
2

σz · z dz = b · h2 ·
1
2∫

− 1
2

z ·
[
E · ε f

ξ
·
(
z + ξ − 1

2

)
− B ·

(
ε f

ξ

)2
·
(
z + ξ − 1

2

)2
]
dz

= b · h2 ·
⎧⎨
⎩ξ · E · ε f

4
·
[
1 −

(
ξ − 1

ξ

)2
]

−
B · ε2f

6
· ξ ·

[
1 −

(
ξ − 1

ξ

)3
]

+ ξ2 · E · ε f

6
·
[(

ξ − 1

ξ

)2
· ξ + 2

ξ
− 1

]
− ξ2 ·

B · ε2f
12

·
[(

ξ − 1

ξ

)3
· ξ + 3

ξ
− 1

]⎫⎬
⎭

In the above expressions, we go to the strain level of the extruded fiber. For this
reason, it is assumed that when ε = ε f,max is, the tangent modulus is zero, and the
stress value corresponding to this deformation is equal to the compressive strength of
the wood R. From these conditions it follows that according to the accepted diagram
(1) ε f,max = E

2B and R = E2

4B . Then take into account that the above equations are
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based on this is ε f = β · E
2B , including for the strain level β = ε f

ε f,max
= ε f · 2B

E .
Then we can write that

N = b · h · R · N∗(β, ξ) ;

N∗(β, ξ) = ξ · β ·
[
1 −

(
ξ − 1

ξ

)2
]

− ξ · β2

3
·
[
1 −

(
ξ − 1

ξ

)3
]

(4)

M = b · h2 · R · M∗(β, ξ) ;

M∗(β, ξ) = ξ · β

2
·
[
1 −

(
ξ − 1

ξ

)2
]

− ξ · β2

6
·
[
1 −

(
ξ − 1

ξ

)3
]

+ ξ2 · β

3
·
[(

ξ − 1

ξ

)2
· ξ + 2

ξ
− 1

]
− ξ2 · β2

12
·
[(

ξ − 1

ξ

)3
· ξ + 3

ξ
− 1

] (5)

They satisfy the dimensionless parameters and conditions 0 ≤ β ≤ 1 and ξ > 0
used in these equations,which are thenused to solve practical problems.Nowsuppose
that the ends of the compressing element are fastened by a hinge and that this element
is compressed by an eccentric system. We express the equation of the deformable
axis of the compressed element in the form of a sinusoid [2], that is, we assume that
y(x) = f · sin π ·x

l , it has the value of curvature χ = ∣∣y′′( l
2

)∣∣ = f · π2

l2 in the most
stressed middle section. On the other hand, the value of the curvature in the mean
cross-section is based on the flat cross-section hypothesis is χ = ε f

ξ ·h = β

ξ ·h · E
2B .

Therefore, the deflection of the middle section can be expressed by a parameter
that determines the level of deformation in the extruded fiber of this section and the
position of the neutral axis. Therefore, the deflection of the middle section can be
expressed by a parameter that determines the level of deformation in the extruded
fiber of this section and the position of the neutral axis.:

f · π2

l2 = β

ξ ·h · E
2B or f0 = f

h = β

ξ
· l2

π2·h2 · E
2B = ρ0 (6)

Where,

ρ0 = l2

π2 · h2 · E

2B
(7)

Now we write the equilibrium equations of the middle part of the compressed
shaft:

{
b · h · R · N∗(β, ξ) = P
b · h2 · R · M∗(β, ξ) = P · (e + f )

(8)

Here you canwrite the equilibrium equations based on the two parameters as follows,
taking into account Eq. (6) and σ0 = P

b·h·R including the notation (9):

N∗(β, ξ) = σ0 and M∗(β, ξ) = σ0 ·
(
e0 + ρ0 · β

ξ

)
(9)
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Fig. 1 Graph “load-bending” of a compressed shaft, the ends of which are fastened pivotally; 1
– e0 = 0, 05; 2 – e0 = 0, 2; 3 – e0 = 0, 5

From these two equations, you canwrite the following equation, which eliminates the
compressive force parameter σ0 and creates a relationship between the parameters β

and ξ [1]

	(β, ξ) = M∗(β, ξ) − N∗(β, ξ) ·
(
e0 + ρ0 · β

ξ

)
= 0 (10)

The peculiarity of this equation is that for each accepted value of the strain level
from this equation, the value of the parameter that determines the position of the
neutral axis can be set to one value. The deflection parameter can then be calculated
based on Eq. (6) and finally the force parameter based on Eq. (9). Thus, solutions
can be obtained for each value of the strain level (β, ξ, f0, σ0) by applying the
semi-inverse method. By changing the strain parameter in the range of its variation,
a relationship can be established between the deflection parameter and the load
parameter, on the basis of which the bearing capacity of the compressed shaft can
be determined. To implement the algorithm, the corresponding software module was
implemented and numerical experiments with its application were carried out. For
example, in the following figure, where E = 27·103 MPa, B = 3645·103 MPa,
l = 4, 5 m, h = 0, 6 m at different values of the eccentricity σ0 ÷ f0, that is,”
load-bending “ graph is built in dimensionless parameters (Fig. 1).

2.4 Scientific Novelty

An effective numerical method has been developed for determining the tensile defor-
mation state and bearing capacity for an arbitrary assessment of the eccentricity of the
compressive force and elasticity of an element when approximating the deformation
diagram under tension–compression of wood by a quadratic parabola.
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2.5 Practical Importance

The developed method of numerical calculation makes it possible to construct semi-
empirical dependences for approximate engineering calculations based on numerical
experiments, as well as to determine the strained state and the load-bearing capacity
of compressed wooden elements based on a real nonlinear deformation diagram. the
material and its results can be used to improve regulatory documents.

3 Conclusions

Based on the research, it can be said that the influence of the eccentricity of the
compressive force on the bearing capacity is large and should be determined using
this nonlinear deformation model.
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Consideration of the Actual Performance
in Reliability of Channel Frames

Kseniia Chichulina , Viktor Chichulin , Serhiy Shkirenko ,
and Tetiana Kushnirova

Abstract The article deals with reliability calculation of a rigid node of a steel frame
of a building. Some parameters of the actual operation of the flange connection of
the crossbar to the column are taken into account. It is proposed to use conditionally
rigid frame nodes. The reliability of a node is determined from the conditions of
interrelated operation of individual elements. Calculated coefficients for designing
this type of node are proposed. The paper presents flanged nodes with high-strength
bolts. Such connections increase themanufacturability of structures. The use of these
compounds requires the detailed study of their actual operation. During calculations,
it is necessary to determine the relationships between the load-bearing capacity of
the node elements. The measure of the statistical relationship between these values
is calculated using the correlation coefficient. For steel frames, it is proposed to use
conditionally rigid pliable nodes that provide a redistribution of forces between those
loaded on crossbars and columns.

Keywords Steel frame · Rigid nodes · Connection · Reliability · Calculation ·
Correlation coefficient

1 Introduction

Modern construction requires exclusion from the practice of designing components
for assemblyweldingdue to their significant complexity.Therefore, for bothdomestic
and European standards, flanged units with high-strength bolts have recently been
recommended for use. Such connections make it possible to reduce the installation
time of structures. Introducing new connections requires a more complete under-
standing of their actual operation. The need to reduce theweight of structures requires
a more complete definition of the relationships between the load-bearing capacity of
the node elements. The correlation coefficient can be used to determine the degree
of statistical dependence between these values.
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Current structural codes for steel and stainless steel structures such as Eurocode
3 [1] are based on the traditional two-step member-based design approach, in which
internal actions are first obtained from a structural analysis, usually elastic, and
the strength of each member and connection is subsequently checked using the
structural design standard. However, the most recent versions of these standards
already incorporate preliminary versions of the direct, or one-step, system-based
design alternative, which is based on the design-by-analysis concept and allows eval-
uating the strength of structures directly from numerical simulations, although the
standards in their current form do not provide reliability requirements for structural
systems. Therefore, it is necessary to build a rigorous structural reliability frame-
work to investigate acceptable target reliability indices for structural systems and
to provide adequate system safety factors and system resistance factors. The paper
[2] presents an extension of the DDM to the analysis of stainless steel structures,
in which system reliability calibrations are presented for six stainless steel portal
frames under gravity loads covering the three most common stainless steel fami-
lies and different failure modes using advanced numerical simulations. From the
derived reliability calibrations, suitable system safety factors and system resistance
factors are proposed for the direct design of stainless steel frames in the European,
US and Australian design frameworks under gravity loads. The paper [3] presents
an algorithm to determine the reliability index of moment-resisting steel frames
with bolted end-plate connections, by considering the effect of the uncertainties of
capacity and seismic demand. To reflect the probabilistic response of structures, the
horizontal and vertical distance of the bolt from edge of end-plate, the pretension
force and the ultimate strength of the bolts, yield strength and the elastic modulus of
plates for beam and column, which are the main parameters of construction errors in
bolted end-plate connection, considered as randomvariables for themoment-rotation
behavior of connections. All the components of the connections have been regarded
as random parameters. Then, the probabilistic moment-rotation curve of connections
was determined by means of the Latin Hypercube sampling method. Afterward, by
conducting the nonlinear dynamic analysis in the 2-dimensional 5, 10, and 15 stories
frames and considering the idealized random behavior of the connections as well as
the random effect of different records of the earthquake, the results obtained with
the aid of Monte Carlo sampling technique. Design-by-analysis methods for steel
structures receive considerable attention fromprofessional engineers, researchers and
standard-writing groups. Designing by analysis, termed as the Direct DesignMethod
(DDM), is premised on the use of geometric nonlinear inelastic finite element anal-
ysis to determine the ultimate strength of steel structural frames and subsequently
incorporating the system resistance factor (φs) to account for the effects of uncertain-
ties in geometric parameters, stiffness and strength. The paper [4] outlines the DDM
in the context of cold-formed compact Hollow Steel Sections (HSS), including the
reliability analysis framework at system level underpinning the Method. The system
resistance factors for a series of representative 3D frames with hollow locally stable
cross-sections are derived. The paper [5] presents accurate and efficient numerical
procedure for evaluating the system reliability of steel frameswith semi-rigid connec-
tions. The ultimate strength and behaviour of the framewere predicted using a refined
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plastic hingemodel due to its computational efficiency,whilst the nonlinear behaviour
of semi-rigid connections was captured using a three-parameter power model. The
statistical properties for the three-parameter power model were obtained based on
available experimental results. The sensitivity of reliability to the model error was
also studied. Monte Carlo simulation was used to estimate the probability of failure
and the reliability index of a system. Two example frames subjected to combined
gravity and wind loads were examined and their system reliability indices for both
strength and serviceability limit states were evaluated based on the randomness in
loadings, material and geometric properties and semi-rigid connections. The results
indicate that the frame reliability is strongly affected by semi-rigid connections. The
design of steel frames by advanced analysis (second-order inelastic analysis with
imperfections) of overall system behaviour is permitted in the American steel speci-
fication and theAustralian Standard. In both specifications, the strength of a structural
frame can be determined by a rigorous system nonlinear analysis in lieu of checking
member resistances to the specific provisions of the Specification, provided that the
limit states covered by the Specification equations are detected by inelastic analysis,
and comparable or higher level of structural reliability is achieved by the inelastic
analysis rather than by member-based design (DDM). The paper [6] describes the
framework for developing reliability-based system resistance factors suitable for use
with DDM. In [7] a numerical study to evaluate the reliability of 3D steel buildings
with moment-resisting frames (MRFs) at the perimeter and gravity frames (GFs)
at the interior under the action of seismic loading, is carried out. To this aim, the
median values (MV) of the maximum drifts (MD) and fragility curves are obtained.
The reliability, expressed as the mean annual rate of exceeding (υ) particular values
of MD, is calculated by using the probabilistic seismic hazard analysis format. Three
models, representing steel buildings of low-, mid- and high-rise are considered. The
interior connections are assumed to be, first perfectly pinned (PP) as considered in
practical design, and then as semi-rigid (SR). The Beam-Line Theory together with
The Model of Richard are used to represent the SR connections. Results indicate
that the MV demands and the seismic fragility can be significantly reduced when
the stiffness and dissipation of energy at interior connections are considered; reduc-
tions higher than 40% and 60%, respectively, are observed in many of the cases.
The structural reliability has also been significantly improved; reductions close to
20% in the expected maximum drift are observed in many cases. It is concluded
that the effects of the stiffness and energy dissipation of the connections of GFs on
the seismic response (in terms of MV), on the fragility curves, and on the mean
annual rate of exceedance (υ), are significant so they should not be ignored. Even
for shear connections which contribution in practical design is totally ignored, the
effect is considerable. The high strength bolted end-plate connection is main type of
the connections used widely in industrial construction [8]. There are two kinds of
end-plate connections in steel portal frames: flush and extend end-plate connections.
The main initial imperfection of bolted end-plate connection lies in which the thick-
ness of end-plate and column flange can’t meet the code provisions based on the field
investigation. Considering the effect of initial imperfection, the actual behavior of
end-plate connections in steel portal frames is seldom fully rigid. The true behavior
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of the connections is usually semi-rigid. Neglecting the real behavior of connections
in the analysis may lead to unrealistic predictions of the response and reliability of
steel portal frames. The paper [8] considers the effects of semi-rigid behavior of
the connections in the finite element analysis and reliability analysis of steel portal
frames. Assuming that the loads and the resistance of members are random variables,
then the Monte Carlo simulation technique is used to estimate the failure probability
of steel portal frame system. The results confirm that the thickness of end-plate has
significant effect on safety of steel portal frame. In general, one of the founders of
the school of reliability of steel structures is S. Pichugin [9, 10]. His works present
methodological and theoretical approaches to calculating the reliability of steel frame
nodes.

2 Main Body

The main rigid connection of the crossbar to the column for frame-link frames of
single-story and multi-storey buildings is the connection by means of a flange with
high-strength bolts of class 6.6–10.9 (see Fig. 1). In such a unit, the bolts work for
stretching, the flange works for bending, and the transverse force from the beam is
taken by a table welded to the column, or the bolts of the flange itself, which are more
often calculated to work in reserve for cutting. Bolts are designed for the maximum
tensile force and are accepted (more often) of the same size, so there is a certain
reserve of load-bearing capacity in the joint, which must be taken into account when
considering the actual operation of the node.

Node calculations take into account the various failure states that the connection
may be in. The calculation of such a node presented in the European design standards
[1] is close to considering the operation of node elements in the form of logical
connection of elements.

Fig. 1 Typical rigid
beam-to-column coupling
connection (rigid node)
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Fig. 2 For evaluating the reliability of nodes: a dependence graph of the coefficient of reduction
of the calculated resistance γ z on the number of statically independent elements of the node n;
b diagram of the operation of the beam flange

When considering the operation of the elements of the node, it can be noted that
plastic deformations of the unit provide for deformations of bolts and deformations
from bending the flange in the plane of action of bolts along with the main forces in
the wall of the beam Fw, from the action of the moment in the beam and the tensile
force in the bolt Fa, it is necessary to take into account the action of the moment in
the cantilever part of the flange Mk . The reaction of this moment adds tensile force
to the bolt due to shoulder “a” (see Fig. 2b). The difference in the tensile force in the
bolt is determined by the formula (1):

�Fa = RyWk(a + b)/ab, (1)

where Ry is the calculated resistance of the flange steel;
Wk is the moment of resistance of the console at the bolt operation site.
Unlike steel structures, in reinforced concrete structures, the rigidity of the

crossbar and column is regulated by reinforcement. Up to the calculated moment
(M), the node operates as a normal rigid connection, with an increase in the load and
reaching the maximummoment, then the node operates as a conditionally articulated
one. It is proposed to use conditionally rigid pliable units for steel frames, which
provide redistribution of forces (bending moment) between loaded crossbars and
columns.

If you limit the value of the moment transmitted to the column from the beam
by adjusting the stiffness of the node, you can get significant steel savings when
designing columns of single-story and multi-story buildings. The pliability of the
node can be ensured by elastic plastic operation of the bolts in the flange connec-
tion, or by using calculated springs that are not compressed on the bolts of the
flange connection, or by installing elastic gaskets in a closed steel housing. All these
damping devices must be pre-calculated for compression, taking into account the
stiffness limit of the node. Damping devices should act as a force leveler in the rows
of bolts in the flange connection.

When calculating for reliability, the condition for trouble-free operation of the
frame node can be represented as:

x̃i = σ̃mi − σ̃qi ≥ 0, (2)
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where σ̃mi is the random parameter of the strength of the i - th element of the node;
σ̃qi is the random load parameter of the i-th node element.

For nodes where block diagrams can be represented as a serial connection of
independent elements, the uptime conditions have the following form:

Y (x1 , x2 . . . xn ) =
n∏

i=1

Xi . (3)

Let’s write an expression for the load-bearing capacity reserve of two elements
of the same node:

Ỹ1 = X̃ − a1 q̃, (4)

Ỹ2 = Z̃ − a2 q̃, (5)

where X̃ , Z̃ is the random characteristic of the element’s strength (the yield strength
of steel for the main parts, the yield strength of metal welds and bolts), for generality,
we consider them different for different parts;

q̃ is the load on the structure as a whole, for example, snow load on the surface,
which creates stress in the elements of nodes a1 q̃, a2 q̃ (the operation of the structure
is considered linear).

We describe the correlation moment for functions (4) and (5) based on calcula-
tions.

KY1Y2 = M
[(
Y1−Y 1

)(
Y2−Y 2

)] = M
[(
X−a1q−X + a1q

)][(
Z−a2q−Z + a2q

)]

= M
{[(

X−X
)−a1(q−q)

][(
Y−Y

)−a2(q−q)
]}

= M
[(
X−X

)(
Z−Z

)−a1(q−q)
(
Z−Z

)−a2(q−q)
(
X−X

) + a1a2(q−q)2
]

= M
[(
X−X

)(
Z−Z

)]−M
[
a1(q−q)

(
Z−Z

)]−M
[
a2(q−q)

(
X−X

)] + M
[
a1a2(q−q)2

]

= KXZ−a1KqZ−a2KqX + a1a2q̂
2.

(6)

Standards for linear functions (4) and (5) are written as:

Ŷ1 =
√
X̂2 + a21 q̂

2; Ŷ2 =
√
Ẑ2 + a22 q̂

2, (7)

Taking into account the obtained expressions we write down the formula of the
correlation coefficient for this case in general form:

rY1Y2 = KY1Y2

Ŷ1Ŷ2
= KXZ−a1KqZ−a2KqZ + a1a2q̂2

√
X̂2 + a21 q̂

2
√
Ẑ2 + a22 q̂

2
. (8)
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Let’s generalize the formula for the correlation coefficient. For these possible
cases, due to the independence and strength of the node elements, the corresponding
correlation moments (the second and third terms of the formula numerator (8)) are
converted to zero. Next, we will consider all possible cases.

Case 1. Both parts are made of the same material, so X = Z and the correlation
moment KXZ remaining in the numerator is converted to variance, and formula (8)
takes the following form:

rY1Y2 = KY1Y2

Ŷ1Ŷ2
= X̂2 + a1a2q̂2

√
X̂2 + a21 q̂

2
√
Ẑ2 + a22 q̂

2
. (9)

Case 2. Parts are made of different materials, as a result of which the random
variables X and Z become independent, the correlation moment KXZ turns to zero,
and formula (8) is written as:

rY1Y2 = KY1Y2

Ŷ1Ŷ2
= a1a2q̂2

√
X̂2 + a21 q̂

2
√
Ẑ2 + a22 q̂

2
. (10)

Let’s link the standards of strength and stress from the total load with the ratios:

a1q̂ = p1 X̂ , a2q̂ = p2 Ẑ . (11)

At the same time, in practical calculations, the strength standard significantly
exceeds the stress standard from an external load, so usually p1 < 1, p2 < 1. Taking
into account the relations that were introduced, we transform the formula (9):

rY1Y2 = KY1Y2

Ŷ1Ŷ2
= X̂2 + a1a2q̂2

√
X̂2 + a21 q̂

2
√
Ẑ2 + a22 q̂

2
= X̂2 + p1 p2q̂2

√
X̂2 + p21 q̂

2
√
Ẑ2 + p22 q̂

2

= X̂2(1 + p1 p2)
↔̂
X

√
1 + p21 X̂

√
1 + p22

= 1 + p1 p2√
1 + p21

√
1 + p22

= 1 + p1 p2√
1 + p21 + p22 + p21 p

2
2

.

(12)

Similarly, we transform the formula (10):

rY1Y2 = KY1Y2

Ŷ1Ŷ2
= a1a2q̂2

√
X̂2 + a21 q̂

2

√
Ẑ2 + a22

↔
q
2

= p1 p2 X̂ Ẑ√
X̂2 + p21 X̂

2
√
Ẑ2 + a22 Ẑ

2

= p1 p2 X̂ Ẑ

X̂
√
1 + p21 Ẑ

√
1 + p22

= p1 p2√
1 + p21

√
1 + p22

= p1 p2√
1 + p21 + p22 + p21 p

2
2

.

(13)
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Fig. 3 Numerical values of the correlation coefficient for different values of p1 and p2

The resulting formulas have the same denominator and differ by one in the numer-
ator. Numerical values of the correlation coefficient for different values of p1 and p2
are shown in the graphs in Fig. 3.

3 Conclusion

If relatively small correlation coefficients rij < 0.5 are obtained, element failures
can be considered independent. If random characteristics are independent for node
elements, the probability of failure of the node as awholewill be approximately calcu-
lated as the sum of all the probabilities of failure of elements designed according to
the norms, it will be slightly higher than the probability of failure of one element.
To take into account this factor of randomness of failure, it is proposed to use the
reduction factor of the calculated resistance γ z, which depends on the number of inde-
pendent elements of the node n, represented by the graph (see Fig. 1a) for engineering
practice, it is proposed to use the coefficient γ z = 0,9.
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Discontinuous Solutions of Concrete
Elements Strength Problems Using
the Principle of Virtual Velocitiess

Oksana Dovzhenko , Volodymyr Pohribnyi , Volodymyr Kyrychenko ,
and Olena Malovana

Abstract To determine the strength of concrete and reinforced concrete elements,
discontinuous solutions are used in the theory of plasticity. Concrete is considered as
a rigid-plastic body. Plastic strain is considered to be localized in thin layers on the
failure surface in the compressed zone. Neighboring areas are taken absolutely rigid.
The principle of virtual velocities is used. Velocity jumps on the failure surface are
considered, which are expressed in terms of variable parameters: the angle between
the velocity vector and the direction of the failure plane, the geometric parameters
of the failure surface and the ratio of velocities in orthogonal directions. The basic
dependences for establishing the shear strength of concrete and reinforced concrete
elements obtained on the basis of the mathematical apparatus of the theory of plas-
ticity are given. The proposed dependences on the concrete elements loaded in the
direction of the principal stresses were checked. The obtained results are compared
with the values of stresses under the conditions of concrete strength under plane stress
state and plane strain, which are considered as plasticity conditions. An example of
solving the strength problem for short reinforced concrete cantilevers is given. The
prospects of application of the variational method using the principle of virtual veloc-
ities for the top estimation of strength of concrete elements on the general theoretical
basis are specified.

Keywords Plasticity theory · Functional · Velocity jumps · Shear · Plane stress
state · Plane strain

1 Introduction

Based on the mechanics of a deformable solid, a number of boundary strength prob-
lems have been successfully solved [1–4]. To determine the ultimate state of elements
made of plastic materials, the method of characteristic lines is widely used, which
is also used for bodies made of quasi-brittle materials. Among them problems of
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indentation in the base of the stamp and wedge, unilateral pressure on the wedge,
bending and stretching of the strip weakened by cutouts and holes, bending of the
beam, dragging of the strip, body impact on a rigid obstacle at plate stress state and
plate strain are known [5, 6]. For massive and plane elements made of concrete,
the plastic properties of which are limited, the value of the ultimate load is set by
local compression of the half-space under the action of rectangular and curvilinear
stamps, compression of truncated wedge, array with spherical and cylindrical cavity,
concrete pipe or ring [7].

It should be noted that along with the use of continuous fields of stresses and
velocities, in many cases it is convenient and efficient to use approximate discon-
tinuous solutions [8, 9]. In the limit state, jumps of discontinuity in stresses and
velocities are quite common. The extreme principles of the minimum properties of
the actual velocities and the maximum properties of the actual stresses are applied
in the case of discontinuous fields [5, 10]. Their main uses for rigid-plastic body are
justified in [11–13].

The application of discontinuous fields and the principle of virtual velocities leads
to fairly simple solutions. The value of the load corresponds to the minimum power
of plastic strain. At the same time, it is necessary to consider that for materials
which are not compressed, jumps of discontinuity (abrupt change) of velocities take
place only in the tangential direction. For concrete as a material with a significant
difference in tensile and compressive strengths, velocity jumps are possible both in
the tangent and in the normal component of the velocity vector. This is due to the
changed volume (dilatancy) in the ultimate state. The effect of jumps in the normal
direction to the failure plane for concrete is taken into account in studies [4, 14].

The localization of plastic strain on the failure surface, as a prerequisite for the
implementation of the displacement of separate parts of the elements, indicates the
prospects of using the theory of plasticity to solve boundary value problems of
concrete and reinforced concrete under the shear action.

The need to improve the mathematical apparatus and provide it in a user-friendly
form is an urgent task for further application of the principle of virtual velocities in
solving strength problems of concrete and reinforced concrete elements.

2 Functional of the Principle of Virtual Velocities

When solving the strength problems of steel elements, in addition to the consideration
in the failure zone of the plasticity areas, the use of discontinuous and discrete
solutions is known [5, 8, 9, 15]. The plastic properties of concrete are significantly
reduced compared to steel. Therefore, discontinuous solutions are most consistent
with the behavior of concrete in the ultimate state.

Concrete is considered as a rigid-plastic body. Plastic strain is localized only on
the failure surface; other areas are considered rigid, which is possible if the stresses
in them do not reach the yield strength [5].
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The functional of the principle of virtual velocities [16] in the components of the
stress and strain tensor at rigid-plasticity has the form

J =
∫

V

(T H ′ + σξ ′ + ρ(ωi − gi )υ
′
i )dV −

∫

sF

f ∗
i υ ′dS, (1)

where T and H ′—intensity of shear stresses and shear strain velocities, σ and ξ ′—
hydrostatic (average) pressure and volumetric strain, υ ′—kinematically possible
velocities, V—body volume, ρ, ωi and gi—mass density of deformable material,
components of the vector of motion acceleration and mass force, SF—the surface on
which the forces are set f ∗

i .

Only the values of strain parameters, velocities of rigid blocks displacement and
velocity jumps on rupture surfaces vary. The values of T and σ are determined by
the history of strain over time [16].

In the case when plastic strains are localized only in a thin layer on the failure
surface, we have

J =
∫

Sl

(T H ′ + σξ ′)�ndS −
∫

SF

fiυ
′
i dS, (2)

where �n—the thickness of the plasticity layer, Sl—surface area of failure.
The surface of the velocity jumps of discontinuity is considered as the limit posi-

tion of the thin layer that surrounds it, andwhen�n → 0 it turns into this surface. The
displacement velocity is continuous, but changes sharply and linearly in thickness.

For concrete as a compressible material, there is a changed volume (dilatancy),
jumps of discontinuity occur in both tangential and normal directions to the surface Sl .
Derivatives in the direction of the surface Sl from the components of the displacement
velocity will turn to infinity. In this case, the functional of the principle of virtual
velocities has a finite value and provides an opportunity to obtain solutions to the
problems of the theory of plasticity.

Extreme principles for a rigidly plastic body together with extreme properties
of ultimate loads make it possible to determine the ultimate load of elements by
applying the upper and lower estimates [5, 16].

Functional J is investigated at steady state using a variational equation δ J = 0,
which is equivalent to solving a boundary value problem.

Let’s calculate the ultimate value of the subintegral expression under the condition
�n → 0. To do this, let’s place on Sl an orthogonal coordinate system t m n and
direct n along the normal to Sl , and t along the velocity jumps of discontinuity.

By the extreme theorem, which states that among all kinematically possible
velocity fields υ ′

i , the real field will be the one for which expression (1) takes a
minimum value, so we have:
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∫

V

(T H + σξ)dV −
∫

SF

fiυi dS ≤
∫

V

(T H ′ + σξ ′)dV −
∫

SF

fiυ
′
i dS (3)

and corresponds to the upper estimate of the power of plastic strain.
In the absence of volumetric plastic zones and surface where the velocities are

given, inequality (3) takes the form

fi ≤
⎛
⎝
∫

Sl

(T H ′ + σξ ′)�ndS

⎞
⎠/υ ′

i . (4)

As a condition of concrete strength the Balandin-Geniyev equation is taken, which
has a simple notation and is confirmed experimentally

T 2 + mσ − T 2
sh = 0, (5)

where m = fc − ft , T 2
sh = fc fct/3, where fc—strength of concrete to axial

compression, fct—strength of concrete to axial tension.
The mathematical apparatus of the theory of ideal plasticity is used, the strength

condition is considered as a condition of plasticity.
The intensity of the shear strain velocities H’ is equal to

H ′ =

√√√√√√
2

[(
∂υ ′

t
∂t − ∂υ ′

m
∂m

)2 +
(

∂υ ′
m

∂m − ∂υ ′
n

∂n

)2 +
(

∂υ ′
n

∂n − ∂υ ′
t

∂t

)2]
/3

+
(

∂υ ′
t

∂m − ∂υ ′
m

∂t

)2 +
(

∂υ ′
m

∂n − ∂υ ′
n

∂m

)2 +
(

∂υ ′
n

∂t − ∂υ ′
t

∂n

)2 , (6)

where derivatives are limited, except ∂υ ′
n/∂n = lim (�υ ′

n/�n) → ∞, ∂υ ′
t/∂n =

lim(�υ ′
t/�n) → ∞, �υ ′

m = 0, the direction t is chosen along the velocity jumps
of discontinuity and therefore its component is continuous.

Therefore

lim
�n→0

(
T H ′�n

) = T
√
4�v′2

n

/
3 + �v′2

t , (7)

lim
�n→0

(σξ ′ �n) = lim
�n→0

[σ(∂υ ′
n/∂n + ∂υ ′

m/∂m + ∂υ ′
t/∂t)�n]

= lim
�n→0

{
σ [�υ ′

n + (∂υ ′
m/∂m)�n + (∂υ ′

t/∂t)�n]} = σ�υ ′
n,

(8)

here �υ ′
n and �υ ′

t—velocity jumps, respectively, in the normal and tangential to the
jumps of discontinuity surface directions.

Then the equation δ J = 0 has the form
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δ

⎡
⎣
∫

St

(
T
√
4�υ ′2

n

/
3 + �υ ′2

t + σ�υ ′2
t

)
−
∫

SF

fiυ
′
i dS

⎤
⎦ = 0. (9)

Considering:
- associated flow law

ξ = λ
∂�

∂σ
, (10)

where �—plastic potential;
– the relationship between the intensity of shear stresses and the shear strain

velocity

T = 0.5H/λ, (11)

here λ = ξ/m,

and writing the strength condition (5) in the form of σ = (Tsh − T )/m, the
following is obtained

δ

⎧⎨
⎩
∫

Sl

{[
d2

m
+ m

4

(
�υ ′

t

�υ ′
n

)2
]

�υ ′
n

}
dS −

∫

SF

fi�υ ′
i dS

⎫⎬
⎭ = 0, (12)

where d2 = ( f 2c − fc fct + f 2ct )/3—characteristics of concrete strength, γ—the angle
between the surface of the velocity jumps of discontinuity and the direction of force
fi .
At a plane stress state, providing �n → 0 the velocities derivatives are limited

except ∂υ ′
n

∂n = − ∂υ ′
m

∂m = lim (�υ ′
n/�n) → ∞, ∂υt

∂n = lim(�υ ′
t/�n) → ∞ the

equation δ J = 0 is written as

δ

∫

St

[
d
√
4�υ ′2

n + �υ ′2
t − m�υ ′

n

]
dS −

∫

SF

fiυ
′
i dS = 0. (13)

3 The Problem of Strength of Concrete Elements Loaded
in the Direction of the Principal Stresses. Checking
the Mathematical Apparatus

Toverify the proposed dependences at plane strain, the obtained results of the ultimate
stress values on the failure surface are compared, determined on the basis of Eq. (9),
with the stress on the condition of concrete strength (5), which in coordinates |τn|−σn
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Fig. 1 Condition of concrete
strength at plane strain

is written by Eq. (14) and is presented in Fig. 1.

|τn| = ϕ(σn) =
√
m(σn + 1

4
m + 1

12
n2/m). (14)

Let’s consider a concrete element of unlimited length, loaded with surface force
f1 = σ1 in the direction of greater principal stresses σ1, and on the sides loaded with
the surface force f2 = σ2 (Fig. 2).

In the orthogonal coordinate system at velocities υ1 and υ2 in the direction of
axes 1 and 2, respectively, through them we express the jumps of velocities �υn =
υ2 cos γ − υ1 sin γ , �υ ′

t = υ ′
1 cos γ ′ + υ ′

2 sin γ ′, where γ—the angle between the
direction of the principal stresses σ1 and the plane of rupture Sl = A/ sin γ, here
A—the cross-sectional area of the element.

Then Eq. (12) is written as

δ

{[
d2

m
+ m

4

(
υ ′
1 cos γ ′ + υ ′

2 sin γ

υ ′
2 cos γ ′ − υ ′

1 sin γ ′

)2
]

υ ′
2 cos γ ′ − υ ′

1 sin γ ′

sin γ ′ − f1υ
′
1 ± f2υ

′
2

}
= 0,

(15)

Fig. 2 Kinematic scheme of
concrete plate failure
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where the sign “+” before f2 is used if the velocity vector is opposite to the direction
of force (during compression), the sign “−” is if the directions coincide.

After maintaining the parameters k = υ2/υ1 and tan γ expression (15) has the
form

σ1 = 1

tan γ

{[
d2

m
+ m

4

(
1 + k tan γ

k − tan γ

)2
]
(k − tan γ ) ± kσ2

}
. (16)

The value of the shear and normal stresses on the failure surface are determined
as

τn = m(1 + k tan γ )

2(k − tan γ )
, (17)

σn = m

4

[(
1 + k tan γ

k − tan γ

)2

− 1

3

( n
m

)2 − 1

]
. (18)

Using the angle ψ between the rigid disk velocity vector and the velocity rupture
surface, the velocity jumps �υn = υ sinψ , �υt = υ cosψ and the rupture surface
area Sl = A/ sin(π/4 − ψ/2) are recorded. Considering the relationship between
the angles ψ = π/2 − 2γ we obtain

A

{[
d2

m
+ m

4

(
cosψ ′

sinψ ′

)2
]

υ sinψ ′

sin(π/4 − ψ ′/2)
− f1υ

′
1 ± f2υ

′
2

}
= 0. (19)

Taking into account that υ1 = υ cos(γ + ψ) = υ cos(π/4+ψ/2) and υ2 =
υ sin(π/4 + ψ/2) taking into account the geometry of the failure surface we have

f1 =
[
d2

m
+ m

4

(
cosψ ′

sinψ ′

)2
]

sinψ ′

cos2(π/4+ψ ′/2)
± f2 tan2(π/4 + ψ ′/2) = 0. (20)

After conversion the following is received

f1 =
2

[
d2

m + m
4

(
cosψ ′
sinψ ′

)2]
sinψ ′ ± f2(1 + sinψ ′)

1 − sinψ ′ = 0. (21)

When used as a parameter of variation tanψ ′ we have the following

σ1 =
2
(
d2

m + m
4 tan2 ψ ′

)
tanψ ′ + σ2

(√
1 + tan2 ψ ′ + tanψ ′

)
√
1 + tan2 ψ ′ − tanψ ′ . (22)
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Table 1 The values of the angles γ and ψ and the parameters of the stress state at plane strain
by f ct /f c = 0.1

γ,o �,o τn/fc σn/fc σ1/fc σ2/fc σ3/fc

25.37 39.25 0.551 0 1.161 −0.261 0.9

27.91 34.17 0.663 0.151 1.402 −0.2 1.051

31.64 26.72 0.894 0.551 2.002 0 1.451

33.85 22.3 1.097 1 2.636 0.264 1.9

36.48 17.24 1.45 2 3.968 0.931 2.9

37.72 14.55 1.733 3 5.241 1.66 3.9

38.58 12.84 1.976 4 6.475 2.423 4.9

39.66 10.67 2.388 6 8.881 4.02 6.9

→ 45 → 0 → ∞ → ∞ → ∞ → ∞ → ∞

The values of shear and normal stresses on the failure surface are determined from
the equations

tan τn = m

2 tanψ
, (23)

σn = m

4

[
1

tan2 ψ
− 1

3

( n
m

)2 − 1

]
. (24)

The results of the calculation by formulas (16)–(18), (22)–(24) are given in
Table 1.

Obtained in Table 1 the values of the stress parameters are similar to those
determined by the strength condition (5), (14).

Let’s consider the strength of a concrete slab (Fig. 1) under the conditions of plane
stress state.

Expressing the jumps of velocities through υ1 and υ2 �υn = υ2 cos γ −υ1 sin γ ,
�υ ′

t = υ ′
1 cos γ ′ + υ ′

2 sin γ ′, taking into account the geometric parameters of the
failure surface Sl , Eq. (13) is solved with respect to f1

σ1 = d
√
4(k ′ − tan γ ′)2 + (1 + k ′ tan γ ′)2 − m(k ′ − tan γ ′) ± k ′σ2

tan γ ′ , (25)

where the sign “+” before σ2 means compression, the sign “−” means lateral tension.
According to the obtained parameters k and γ values of shear stresses are set on

the failure surface

τn = d(1 + k tan γ )√
4(k − tanγ )2 + (1 + ktanγ )2

, (26)

and normal stresses
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σn = m − 4d(k − tan γ )√
4(k − tan γ )2 + (1 + k tan γ )2

. (27)

When recording the velocity jumps through an angle ψ �υn = υ sinψ , �υt =
υ cosψ , Eq. (13) takes the form

f1 =
2
[
d
√
4 sin2 ψ ′ + cos2 ψ ′ − m sinψ ′

]
± (1 + sinψ ′) f2

1 − sinψ ′ . (28)

After transformation (28) we have

σ1 =
2
[
d
√
3 sin2 ψ ′ + 1 − m sinψ ′

]
± (1 + sinψ ′)σ2

1 − sinψ ′ . (29)

When used as a parameter of variation tanψ ′ we have

σ1 =
2
[
d
√
4 tan2 ψ ′ + 1 − m tanψ ′

]
±
(√

1 + tan2 ψ ′ + tanψ ′
)
σ2√

1 + tan2 ψ ′ − tanψ ′ . (30)

The values of ψ set the values of shear and normal stresses on the failure surface.

τn = d√
1 + 4 tan2 ψ

, (31)

σn = m − 4d
tanψ√

1 + 4 tan2 ψ
. (32)

The calculation results are given in Table 2.
The values of stresses in Table 2 correspond to the given condition of strength at

a plane stress state in coordinates σ1 − σ2 (5) and τn − σn (33), which is shown in
Fig. 3.

|τn| = ϕ(σn) =
√
d2 − 1

4
(σn − m)2. (33)

Table 2 The values of the angles γ and ψ and the stress parameters at the plane stress state for
f ct /f c = 0.1

Characteristic points of the strength condition γ ,o Ψ ,o τ n/f c σ n/f c σ 1/f c σ 2/f c

Uniaxial compression 37.27 15.47 0.482 0.367 1 0

Maximum shear stresses 45 0 0.551 0.9 1.451 0.349

Maximum compression stresses 90 −90 0 2.002 2.002 1.451
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Fig. 3 Ultimate
circumferential circles of the
Mora |τn | = ϕ (σn) at a
plane stress state

The intervals of stress states by the shear implementation in concrete are given in
[17].

For the taking into account the specifics of the stress–strain state of the elements
when solving strength problems, additional components are introduced into the basic
dependences (16), (22), (25) and (29). In the absence of tensile areas in the failure
zone, it is convenient to apply the basic dependences (22) and (29).

As an example, let’s consider the strength problem of a reinforced concrete short
cantilever.

Kinematic failure schemes of short cantilevers are given in Fig. 4.
Failure cases of the entire section by shear and within an inclined compressed

strip are considered.
The influence of reinforcement is taken into account by lateral compression of the

corresponding level of reinforcement intensity. The value of stresses in the tensile
zone of the cantilever is taken to be equal to the tensile strength of concrete.

The calculated dependence by the shear on the entire section, which is realized at
a/h ≤ 0.15 and c/h ≤ 0.3, has the form

Fig. 4 For calculating the strength of reinforced concrete cantilevers: a in failure case along the
entire cross section; b shear within the compressed inclined strip; I and II—rigid disks
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Vu
δh = d

√
4(k ′ − tan γ ′)2 + (1 + k ′ tan γ ′)2 − m(k ′ − tan γ ′) tan α+ fct tan γ ′(k ′+tan α)

tan α+tan γ ′ +
k ′(σs + σsw),

(34)

where δ—cantilever thickness; σs = ρs fy , here ρs = As
δh ; σsw = ρsw fy, here

ρsw = Asw
δsw

.
In addition to (34), equilibrium equations are additionally used

∑
MA = 0;

∑
MB = 0;

∑
MD = 0. (35)

At failure under the shear within an inclined strip we have

Vu

δlsup
=

2
[
d
√
1 + 3 sin2 ψ ′ − m sinψ ′

]
+ (1 − sinψ ′)σsw

(1 − sinψ ′)(1 + cot θ)
, (36)

where lsup—the width of the load transfer platform, θ—the angle of the strip to the
vertical.

The strength problems of concrete wedges as models of compressed zone over
dangerous inclined crack in beams and near support sections of three-hinged frames,
compressed elements at local application of loading in the conditions of plane and
volume stress state, concrete and reinforced concrete keyed joints are solved [18–20],
which found experimental confirmation [21–26].

4 Conclusions

1. To calculate the strength of concrete and reinforced concrete elements, fairly
simple dependences are proposed which are established from discontinuous
solutions of the variational method in the theory of plasticity using the principle
of virtual velocities.

2. The results of solving the strength problem are obtained by basic dependences
for concrete elements loaded from the ends and sides in the direction of the
principal stresses, similar to the given conditions of concrete strength, stress
values at plane stress state and plane strain.

3. The specificity of the stress–strain state of the elements for different cases is
taken into account by introducing into the basic dependencies of the components
that reflect the influence of determining factors (reinforcement, compression,
load application schemes, shapes, etc.).

4. The prospects of application of discontinuous solutions for strength estimation
of concrete and reinforced concrete elements under the shear are proved.
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1 Introduction

Currently, the search for methods and complex technologies to create new and
improve existing regulations for the productionof perfectmultifunctional oxidemate-
rials of transition and rare earth elements with the structure of defective perovskite,
garnet with reproducible properties by low-temperature methods of “soft chemistry”
and precursors. They have a complex structure and in scientific and technological
terms are difficult objects that are intensively studied [1–9], includingwith the partic-
ipation of authors [see, 10]. Therefore, modern materials science, which is based on
them, requires regulatory solutions simple in configuration, low-speed, energy effi-
cient, characterized by scale, with the ability to reproduce products with a given
homogeneity, stability, a set of predefined characteristics.

There aremanymethods for the synthesis of these oxidemulticomponentmaterials
[2–12], based on different physical and chemical principles. The main ones are:

• high-temperature method of solid-phase chemical reactions;
• condensation liquid-phasemethods for obtaining nanosized oxidematerials based

on:

– various variants of mixing of initial components (chemical precipitation (copre-
cipitation); sol – gel; hydrothermal; complexonate homogenization; solvent
replacement; synthesis under the action of microwave radiation);

– rapid thermal decomposition of precursors in solution (spray drying; rapid
expansion of supercritical fluid solutions; cryochemical);

– self-igniting (glycine-nitrate; Pechini method; cellulose (fabric, paper) tech-
nology; pyrolysis of polymer-salt films).

The choice of using a particular method depends on the chemical nature of the
obtained compounds, the size and morphological characteristics of the particles of
the synthesis products, the conditions and method of formation of the latter; the
material and condition of the surface, the shape of the samples on which the coating
is applied; capabilities of available technical equipment, etc. These methods are used
both independently of each other and in combination.

Recently, titanium dioxide has attracted special attention due to new unique
prospects for its use in the form of nanostructured materials and nanocomposites
with controlled morphological, physicochemical and optical properties. TiO2, which
has high chemical and thermal stability, as well as impurity levels in the electronic
structure of the material, created by a given type of doping, is unique for building on
its basis new effective functional materials used in photocatalysis and photovoltaics,
sensory, catalysis, for liquid chromatography and other areas.

The essence of the FC properties of TiO2 is that in the volume of a semiconductor
particle under the influence of electromagnetic radiation, electron - hole pairs are
generated, which, upon reaching the surface of a TiO2 particle, enter redox reactions
with adsorbed molecules. For titanium dioxide, the process is as follows:
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(Ox1)ads + (Red1)ads
T iO2

hv > Eg
→ Ox2 + Red2

In this case, part of the electrons and holes can undergo recombination in the bulk
or on the surface of TiO2. For the effective occurrence of photocatalytic processes,
it is necessary that redox reactions involving an electron–hole pair be more effective
than recombination processes.

The advantages of the photocatalytic method of purification are well known: 1)
the ability to oxidize almost any organic matter and also a number of inorganic,
such as CO, H2S, HCN, NH3, NOx, etc.; 2) the method works at room temperature
and atmospheric pressure; 3) it is possible to oxidize even small concentrations of
pollutants, cleaning of which by other methods is economically unprofitable; 4) for
the implementation of the method of photocatalytic purification does not require
additional reagents, because the oxidant is oxygen.

However, for the photocatalytic method of air purification, a number of disad-
vantages are known, such as: 1) a relatively low purification rate; 2) the need to use
ultraviolet light sources in the case where the photocatalyst is titanium dioxide; 3)
low adsorption capacity ofmost simple photocatalysts; 4) the possibility of formation
of intermediate products during the oxidation of high concentrations of pollutants.
Therefore, the development of new photocatalytic systems that would overcome
these shortcomings is the subject of an urgent series of modern studies.

When creating and heat treatment of materials based on titanium dioxide, it is
necessary to take into account the possibility of surface and bulk defects of the TiO2

crystal lattice (due to the existence of phase diversity in the range of O/Ti < 2 ratios on
the phase diagram of the Ti - O system [13]) and detection their significant effect on
the photochemical properties and photoinduced hydrophilic ability of the synthesis
products [14].

Available information on the state and possible directions of improvement of tech-
nologies for creating suchmaterials, current requirements for their stability and repro-
ducibility of properties, expansion of their use [1–14], manifestation of high activity
of low-crystallized particles of structural components formed by solvent thermolysis
[15], new information on reactivity and transformation of layered perovskite-like
oxides [16], stabilization of photocatalytic and sensory-active crystalline modifica-
tion of anatase due to NO3

− ions [17], doping of Ln2O3 [18, 19] in obtaining TiO2

from solutions [20] initiated the continuation of our study. Today, ways to control
the technical parameters of the target products through the choice of composition,
synthesis conditions and method of processing.

One of the most promising classes of complex oxide materials of rare earth
elements and titanium are nanostructured layered perovskite-like compounds and
solid solutions based on them. Depending on the composition and structure, they
have a wide range of physicochemical properties. Presented in this paper perovskite-
like layered titanates belong to the homologous series (Me, Ln)n+1 TinO3n+1, where
Ln - La – Nd, Me - Li – Cs, n is the number of nanolayers of perovskite (Ruddlesden-
Popper phases; with a thickness of approximately one layer 0.5 nm). Accordingly,
MeLnTiO4 in its structure contains one nanolayer of perovskite, Me2Ln2Ti3O10 -
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Fig. 1 Extended elementary
cells of Ruddlesden-Popper
phases

three. Perovskite-like nanolayered titanates were obtained and studied by the authors
of [21–24]. Figure 1 shows an extended unit cell for Me2Ln2Ti3O10 (Ln - La, Nd;
Me - Li, K) [23] and Na2Ln2Ti3O10 [24].

So oxides of K2Nd2Ti3O10 (as an example) crystallize in a tetragonal structure.
The spatial group for these compounds is defined as I4/mmm. The thickness of
layered oxides of this type is characterized by three titanium-oxygen octahedra
[Nd2Ti3O10], alternating with each other and separated by alkali metal cations, in this
case potassium cations, between the layers. The lattice parameter c (≈30 Å) indi-
cates the displacement of adjacent perovskite layers by ½. The neodymium cation is
located in the center of the perovskite lattice and is characterized by a 12-coordinated
oxygen environment. The alkali metal cation is located in the interlayer space and is
usually 9-coordinated [25].

The layered structure, consisting of lamellar particles, is stored by the product
when kept in humid air and confirmed by scanning electron microscopy [26]. The
identified stability of the systems recommends them as promising photocatalysts
in conditions close to their use and is important for other innovative areas of their
applications.

Analysis of recent publications shows that titanium dioxide is mainly used in
thin film form, which most effectively implements its properties necessary for
photocatalysis, solar energy, sensors, self-cleaning coatings and more.

And the practical implementation of modern technologies of the already proposed
variant of the composite photocatalyst [27], the structure of the granules of which
is represented by three layers: adsorbent, silicon dioxide and photocatalyst - tita-
nium dioxide anatase modification, will simultaneously solve problems: 1) effective
adsorption of both polar and nonpolar (for example, pollutants); 2) exclusion of the
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influence of the electrically conductive properties of the sorbent on the recombi-
nation of photogenerated electron–hole pairs; 3) to ensure complete absorption of
incident light by the particles of the photocatalyst, not the adsorbent; 4) detection of
photocatalytic activity under visible light.

Today, thanks to the technological methods of reactions of “soft chemistry”, it is
possible to create substances with various structural features, to obtain metastable
compounds by a sequence of low-temperature topochemical syntheses. Such reac-
tions with a change in the structure and morphology of the particles take place
at low temperatures while maintaining the basic structural features in perovskite-
like layered oxide compounds. Depending on the nature and stoichiometry of their
cations, they can exhibit a variety of physical and chemical properties: supercon-
ductivity, colossal magnetoresistance, ferroelectricity, catalytic and photocatalytic
activity, the ability to ion exchange in solutions and melts, and the ability to hydrate..
Therefore, the study of the peculiarities of transformations of intermediate precur-
sors - alkaline coordination nitrates of REE, their reactivity during the synthesis of
layered perovskite-like oxide phases directly affects the possible areas of further
application of the latter.

For layered perovskite-like compounds, such researchers include, in particular,
ion exchange [25], intercalation and deintercalation [28], various substitution and
condensation processes [29], fission processes [30], and mutual transformations of
one structure into another [31] ( for example, the transition from Ruddlesden-Popper
phases to Dion-Jacobson phases; transition within one type of phase with increasing
or decreasing number of layers).

The most common reactions of “soft” chemistry are ion exchange reactions,
during which the weakly bound cations of the interlayer space are replaced, while the
perovskite layers are quite stable mainly due to metal–oxygen covalent bonds and
play the role of a framework in the layered structure.. This allows the substitution
reactions of some interlayer cations to others, without affecting the basic structure
of the layered oxide. Such reactions can be used to obtain a wide range of new
perovskite-like structures.

For effective management of properties of the received products deep under-
standing of physical and chemical processes, the phenomena occurring during their
formation is necessary. And their complex research with application of modern
physical and chemical methods allows to improve our knowledge of characteristic
features of fast-moving processes, stages of evolution of structure andmicrostructure
of technological objects.

The Purpose and Tasks of the Study. To study the cooperative processes of inter-
action between structural components in the systems of nitrate precursors of REE
representatives of the cerium subgroup and elements of IA subgroup of the periodic
table (Li, Na, K) in conditions similar to the regulations for creating multifunc-
tional oxide materials for various purposes using photocatalytically active TiO2 to
form reliable ideas and obtaining objective knowledge about the features of trans-
formations and the total behavior of the constituent elements in the preparatory
stages of processing of technological objects with thermal activation (25–1000 °C),
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necessary for improving and developing methodologies and regulations of modern
manufacturing technologies.

To achieve this goal, the following tasks were gradually solved in the work:

1) study of the mechanisms of transformations in the systems of coordina-
tion nitrate precursors of REE and alkali metals during the formation of
multifunctional photocatalytically active layered oxide materials;

2) development of methodology and production of samples of photocatalysts
based on TiO2 anatase modification and composite with the structure of three-
layer titanate K2Ln2Ti3O10 with their two-stage application and molding on
structured metal carriers;

3) study of the kinetic patterns of reactions of test photocatalytic oxidation of
vapors of organic substances (for example, ethanol) in a static reactor;

4) establishment of technological and functional dependencies; controlled modi-
fication of the properties of the obtained target products.

Experiment Methodology. To evaluate the possibility of controlling the processes
of multistage formation of complex oxide compositions with multifunctional prop-
erties and substantiation of phase formation mechanisms as a model using a set of
physicochemical methods, water-salt nitrate systems MeNO3 - Ln (NO3)3 - H2O,
(Me - Li, Na, K; Ln - La-Sm) at 25–100 °C. The choice of the composition of the
objects of study, temperature sections are determined by a number of factors.

First, among the elements of the rare earth series, the highest complexing ability
is found by representatives of the cerium subgroup; among them the largest changes
in the composition, structure, and properties of their compounds are the elements
of its middle, Pr and Nd. The selected components of the systems specify the tech-
nical characteristics of the target product or are modifiers of its properties. And the
presence of a large number for the use of potential electronic analogues (representa-
tives of natural series of rare earth, alkaline elements) causes significant variability
and breadth of the range of modification of their characteristics. Temperature cross
sections are due to the areas of existence of crystal hydrate forms of the source
components.

Secondly, according to the research of the authors [32], three layered potassium
titanates K2Ln2Ti3O10 (Ln - La, Nd) of the above components, obtained by ceramic
technology, in suspension form in aqueous-alcoholic solutions under the action of
UV radiation show the highest among known species phases photo catalytic activity
for the decomposition of H2O and the release of hydrogen. This fact is associated
with the morphology of their particles and the ability to reversibly intercalate water
molecules in the interlayer space, which can lead to both an increase in the effective
specific surface area of the photocatalyst and contribute to the spatial distribution of
redox centers.

To determine the nature of chemical interaction and phase equilibria in water-salt
systems of the studied nitrates (precursors of multicomponent oxide polyfunctional
materials) in full concentration ratios in the temperature range of solutions used the
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method of additives described in [33, 34] and based on the study of solutions one
of the properties of the most “sensitive” to the detection of phase transformations
in systems, which is both a parameter of their state, and also simple experimental
methods currently available. Themethod allows to find the limits of self-development
to which the isolated system of the set structure goes in concrete conditions in an
equilibrium state.

The equilibrium of the phases was reached within 2–3 days. Hydrated and
anhydrous nitrates of these “c.f.a”. elements were used as starting salts.

Chemical analysis of liquid and solid phases, “residues” was performed on the
content of Ln3+ and nitrogen. The Ln3+ content was determined trilonometrically in
the presence of xylenol orange as an indicator (acetate buffer solution, pH = 5–6)
[35]; nitrogen - by distillation [36]; Me+ ions - calculated by the difference, based
on the total nitrate content and partly on the dry residue.

The obtained data for individual ions were converted into salt content and plotted
on the solubility diagrams according to the principle of conformity. Graphical repre-
sentation of the composition of solid phases formed in the system was performed
according to Screenmakers [33, 36], confirmation of their individuality and charac-
terization - chemical, crystal-optical, X-ray phase, X-ray structural, IR spectroscopic,
thermographic, and other methods.

Crystal-optical determinations of the compounds were performed by the immer-
sion method using a MIN-8 microscope. Phase analysis was performed on a DRON-
3 M diffractometer (Cu Kα radiation, Ni filter) by the “powder” method. Diffrac-
tograms were deciphered from the PDF file JCPDS. Determination of symmetry,
parameters of unit cells and measurement of the intensity of diffraction reflections
from single crystals was performed on an automatic X-ray single crystal diffrac-
tometer CAD - 4F “Enraf - Nonius” (Mo Kα - radiation, graphite monochromator;
ω/2θ -method).All calculations for the determination and refinement of atomic struc-
tures were performed using complexes of crystallographic programs SHELX, XTL
– SM, AREN. The IR absorption spectra of the synthesized compounds in the region
of 400–4000 cm–1 were recorded on a UR – 20 spectrophotometer using a standard
vaseline oil suspension technique. Thermograviometric analysis was performed on
a Q – 1500 D derivatograph at temperatures from 293 to 1273 K in air with a heating
rate of 10°/min and the developed device for DTA.

At the stage of research of photocatalytic oxidation of vapors of organic substrates
for formationof samples of composite photocatalystswas usedTitaniumOxideMicro
Powder (TiO2, Anatase, 1500 nm, 99,9%) US Research Nanomaterials, Inc.

To study the effect of the formed samples-photocatalysts on the kinetics of forma-
tion of gaseous intermediates, the study of photocatalytic oxidation of organic vapors
(on the example of ethanol) by staticmethod in a developed sealed chamber-container
equipped with replaceable hinged sample holder small and volley doses of injec-
tions of substrates, a fan - a mixer of the internal gas environment, an additional
internal heater, a sensor for measuring the concentration of CO2, hinged investigated
“passive” plates-adsorbers, lighting system.

Aportablemultifunctional electronic gas analyzerAZ7755 (AZ InstrumentCorp.,
Taiwan) was used to measure the CO2 concentration in the study medium, which
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allows simultaneous measurement of temperature, relative humidity and has the
ability to connect to an external interface.

The following were used as illuminators: a low-pressure fluorescent lamp with
a power of 8 W and a bactericidal lamp of the same power with a wavelength of
254 nm.

2 Results of the Research and Their Discussion

2.1 Mechanisms of Transformations in Systems
of Coordination Nitrate Precursors of REE And Alkali
Metals Accompanying Formation of Polyfunctional
Photocatalytically Active Layered Oxide Materials

Generalized and important for practical use information on alkaline coordination
nitrates of rare earth elements of the cerium subgroup - precursors of promising
modern multifunctional materials - on the conditions of their formation and exis-
tence, nature of chemical bond, composition, structure, type of ligand coordina-
tion, existence of isotype series on stoichiometry, composition the structures of the
revealed properties are systematized by authors [10] and in the most obvious form
are resulted in Tables 1, 2, 3 and 4. The choice of this form of data presentation is
the most informative and useful in the development of innovative projects allows
to predict the causal fundamental patterns of behavior of structural components in
similar production processes, to choose the right modes, stages, methods of forming
and obtaining target products with reproducible structurally sensitive characteristics.

The revealed regularities in the nature of the behavior of structural components
in rubidium, cesium nitrate systems La - Sm, in objects based on REE of the yttrium
subgroup (Y, Gd - Lu) indicate the possibility of only limited or special application
of the latter predecessors in the study area. There are a number of objective and
economic reasons for this. These are the features of the electronic structure of their
atoms, lowermanifestation of chemical activity and complex-forming ability of these
Ln3+ in comparison with the elements of the cerium subgroup, weaker effect of the
considered influencing factors on the studied processes. To clarify the general patterns
and build a holistic objective picture of the behavior of such technological precursors,
the authors studied the systems of natural series Y, La - Lu, Li - Cs. Analysis of the
results of the study was published in previous works of the authors [10, 37, 38].

In ternary REE-containing nitrate precursor systems, which are integral compo-
nents of more complex multicomponent systems, exchange transformations begin
from the moment the components are dissolved in water. It was found that the Ln3+

cerium subgroup in the studied conditions are active complexing agents, form anionic
coordination compounds of Me+ of all alkali metals, and their stability and complex
of inherent properties are potent technological factors that significantly affect the
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Table 1 Isothermal concentration limits of crystallization of alkaline coordination nitrates of
neodymium from solutions of water-salt systems MeNO3 – Nd(NO3)3 – H2O (Me – Li, Na, K)

The composition of the
compounds

t, oC Compositions of saturated solutions
corresponding to transition and
eutonic points, wt. %

The nature of solubility

MeNO3 Nd(NO3)3

Li3[Nd2(NO3)9]·3H2O 65 19,32
13,95

59,61
65,63

Incongruent

100 24,03
9,68

54,68
72,51

Congruent

Na2[Nd(NO3)5]·H2O 50 16,55
8,60

51,62
62,58

Incongruent

65 20,44
3,03

50,40
70,17

Incongruent

100 25,27
4,15

47,28
76,96

Incongruent

K2[Nd(NO3)5 (H2O)2] 50 27,26
21,34

51,62
54,91

Incongruent

K3[Nd2(NO3)9]·H2O 50 21,34
11,49

54,91
63,31

Incongruent

65 32,57
8,67

47,88
70,44

Congruent

100 40,15
3,39

45,02
76,44

Congruent

nature of transformations in systems as intermediates. and the results of processes
in general.

The obtained information allows to model the behavior of structural components
at the preparatory stages of formation of modern multifunctional photocatalytically
active materials according to innovative technological regulations with the use of
nitrate REE-containing precursors.

The available identified trends in phase formation in the model systems studied
are thermodynamically the most probable limits of transformations in technolog-
ical objects in the conditions of formation and production of target products. And
possible real deviations in such systems are caused by inhomogeneity of the reaction
medium in composition, content of reacting components, conditions of their location,
finiteness of transformations, diffusion features, heat capacity, viscosity, nature of
transformations at the boundaries of formed hetero phases, using their applied princi-
ples and methods. activation and other specific factors. And the identified processes
of complexation in aqueous solutions of nitrates contribute to the homogenization
of systems of structural components at the molecular level in complex or combined
processing.

The analysis of the obtained data indicates the flow of competing processes of
replacement of water molecules by nitrate ions in the systems in the immediate
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Table 3 Coordination polyhedra of Ln atoms in alkaline rare earth nitrates

Compound D1 D2 D3 C. N. Polyhedron type,
its symmetry

Li3[La2(NO3)9]·3H2O 2,66
2,65

2,66
2,65

12
12

Ic 4L33L2
Ic L33L2

Li3[Nd2(NO3)9]·3H2O 2,61
2,60

2,61
2,60

12
12

Ic 4L33L2
Ic L33L2

Na2[Nd(NO3)5]·H2O 2,62
2,61
2,61

2,62
2,61
2,61

12
12
12

Ic L33L2
Ic L33L2
Ic L33L2

K2[La(NO3)5 (H2O)2] 2,70 2,68 2,68 12 Ic L2

K2[Nd(NO3)5 (H2O)2] 2,62 2,61 2,61 12 Ic L2

K3[Pr2(NO3)9] 2,63 2,63 12 Ic L33L2

K3[Nd2(NO3)9] 2,61 2,61 12 Ic L33L2

(NH4)2[La(NO3)5 (H2O)2]·H2O
(NH4)2[La(NO3)5 (H2O)2]·2H2O

2,54
2,59

2,70
2,70

2,67
2,68

12
12

Ic L35L2
Ic L35L2

(NH4)2[Pr(NO3)5 (H2O)2]·2H2O 2,54 2,66 2,64 12 Ic L35L2

D1, D2, D3 – average distance (Å) ‹Ln–O H2O›, ‹Ln–O NO3›, ‹Ln–O›; Ic – icosahedron.

vicinity of the Ln3+ complexing agent. The degree of completeness of substitution
depends on the nature of Ln3+, the presence of Me+, the properties of electron-donor
oxygen atoms and the spatial structure of ligands, the concentration of anions, the
amount of solvent. A significant influence of temperature factor on these processes
is revealed. There are differences in the complexing ability of the elements of cerium
and yttrium subgroups, Y, as well as among REE in the middle of the first subgroup.
The obtained results indicate the gradual processes of complexation. The presence
of certain values of the temperature of the beginning of the release into the solid
phase of complex compounds - the existence of an energy barrier and the need
for some activation energy to carry out such transformations. In the formation of
nitrate complexes, the requirements of symmetry are largely met, and the planar
small-sized ligand NO3

− is “convenient” for the formation of a highly symmetric
environment of the Ln3+ ion. Lanthanides have a tendency to form three types of
NO3

− ligand coordination. This leads to the formation of both isolated complexes
and their polymerization into dual-core, chains, frameworks.

All established coordination compounds were synthesized in single crystal form
and characterized by a set of physicochemical methods. Table 2 shows the X-ray
diffraction characteristics of the newly formed phases for the possibility of their
identification and detection during processing.

The authors conducted a crystal chemical analysis of alkaline rare earth nitrate
compounds, which is based on the results of our own research [38] and on litera-
ture data [39]. Particular attention is paid to the structure of coordination polyhedra
Ln, which largely determines the basic properties of the corresponding compounds.
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Analyzing the shape, symmetry and other properties of polyhedra (see Table 3), we
get the opportunity to approach the understanding of the individual features of REE.

Data on average Ln -O distances in rare earth nitrates of alkaline cations discussed
in this paper are in good agreement with the expected tendency to decrease

Ln - O distances according to lanthanide compression and to increase these
distances with increasing coordination number for fixed REE ion. The distances
Ln - O (H2O), as a rule, are among the shortest contacts in polyhedra. This fact
can be explained on the basis of the presence of competing interactions with bonds
of the type Ln - O (NO3

−). Coordination polyhedra are composed, as a rule, of
oxygen atoms of bidentate coordinated nitrate groups, less often in combination
with oxygen atoms of water molecules. In all considered compounds coordination
numbers of representatives of lanthanides of cerium subgroup 12.

When summarizing the structural data of alkaline coordination nitrates, REE
draws attention to the extremely limited range of coordination polyhedra for such
high CNREEs. In Fig. 2 shows a general view of the identified types of icosahedrons
found in the structures of the studied compounds. In cases where water is not part
of the coordination sphere of the Ln atom, the polyhedra are constructed in exactly
the same way (Fig. 2a). Their equivalence is that the shortened O – O ribs (common
to NO3

− – ligands) occupy the same positions. Exceptions are one of the 2 indepen-
dent polyhedra Ln in two isostructural compounds Li3[Ln2(NO3)9]·3H2O (Ln - La,
Nd) (Fig. 2b). If the coordination saturation occurs with the participation of water
molecules, the shape of the 12-vertices changes slightly. Topologically, it is still the
same icosahedron. However, the distribution of shortened ribs in this case is different
(Fig. 2c).

The analysis of the Ln-polyhedra considered by us gives grounds to note the
tendency of REE in this class of compounds to the organization of a symmetric
coordination environment. In some cases, despite the fact that Ln3+ ions are

Fig. 2 Schematic representation and general view of Ln-icosahedrons found in the structures of
the REEs of the cerium subgroup and lithium, sodium, and potassium
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located in common positions, their coordination polyhedra have at least one
noncrystallographic axis of symmetry 2 (see Table 3).

The following data from the thermographic study of lithium, sodium, potassium
coordination nitrates of rare earth elements of the cerium subgroup (Fig. 3, Table
4) clarify the nature and patterns of thermal transformations of these compounds in
the temperature range 25–1000 °C, establish their heat resistance, intervals, staged
processes, phase formation depending on the composition, content, nature of the
components, the method of packing coordination polyhedra in spatial construc-
tion, conditions and method of processing, etc. This makes it possible to predict
the behavior of the applied potential predecessors in real technological systems in
similar conditions. For comparison and analysis there is information about the low

Fig. 3 Derivatograms of compounds



88 O. Dryuchko et al.

stability and heat resistance of potassium coordination nitrates Y, Gd - Lu compo-
sition K[Ln(NO3)4(H2O)2], which leads to limitations in the use of this type of
precursors in technological transformations to modify the properties target products.

It was found that the coordination numbers of the Ln3+ cerium subgroup - 12,
found in low-temperature associated forms, remain unchanged until the formation
of stable high-temperature multicomponent oxide phases MeLnO2, Me2Ln2Ti3O10.
This indicates the feasibility of using alkaline coordination nitrate REE-containing
precursors in such technological innovative solutions.

2.2 Influence of Formed Samples-Photocatalysts
(with Structure of Three-Layer Titanate Me2Ln2Ti3O10
(Me - K; Ln - Nd) on Kinetics of Oxidation of Vapors
of Organic Substances (on an Example of Ethanol)

The logical practical application and testing of the obtained set of empirical knowl-
edge about the combined behavior and properties of constituent components in the
studied systems was the development of one of the possible ways of applying and
forming composite photocatalytically active coatings on structured metal carriers (to
minimize the contribution of adsorption component). submicron sizes of the anatase
phase of TiO2 and similar particles with modified properties of their surface layer
and subsequent comparative test for activity in the processes of photodestruction of
vapors of organic substances (for example, ethanol) in the air under the influence
of UV radiation. Modification of the activity of oxidation centers of objects was
carried out by two-stage heat treatment of samples with separate stages of processes:
application and fixing of coatings on the basis of water-suspension systems TiO2

and soluble nitrate precursors Ln and alkali metals taken in given ratios; formation
of diffusion flows at the interfacial boundaries of the components of heterogeneous
composite systems and regulation of the composition and processing conditions of
nitrate precursor melts (in order to create favorable conditions for the association
of titanates with a layered structure of Me2Ln2Ti3O10). Such composite systems are
crystallization-condensed curing structures.

(Requirements for structured functionally active such coatings, their preparation
procedures and characteristics are discussed in several review articles [40, 41]).

In the preparatory stages of heat treatment of the original water-suspension
systems with refueling of the component composition of soluble nitrate precursors
in a ratio corresponding to the formation of a three-layer perovskite-like titanate
Me2Nd2Ti3O10 (Me2O Nd2O3:3TiO2, Me – Li, Na, K; Ln – La–Nd) the solvent is
removed from the supersaturated dispersion medium, and according to the studied
polythermal solubility diagram [11] (transformation in the region of concentration
congruence), the alkaline crystals of alkaline coordination nitrates Ln are gradually
isolated. Further heating of these intermediate newly formed phases leads to their
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melting and subsequent decomposition with the release of oxides of nitrogen and
oxygen.

In [42] it was found that the transition of submicron titanium dioxide powder from
anatase to rutile occurs at 750–850 °C, and the role of primary structural elements
in such dispersed objects is played by powder particles.

TiO2 (anatase) in the studied multicomponent heterogeneous system behaves
chemically indifferent with respect to the constituent structural components until
the moment of nucleation in the products of melt thermolysis of nitrate coordina-
tion precursors of weakly crystallized chemically active particles of double oxides
MeLnO2 (Me2O:Ln2O3) [15]. With increasing activation energy of the system (t >
520 °C) and, accordingly, the energy of thermal motion of structural elements there
is a possibility of their convergence at shorter distances, there is a strengthening
of the coordination chemical bond between the constituent cations of the corre-
spondingmetals and oxygen anions with the formation of perovski or to some extent,
cation-ordered three-layer oxide structures of Me2Ln2Ti3O10 with a set of inherent
properties.

In the study of the photocatalytic activity of the synthesized materials was
performed on the example of the test reaction of ethanol vapor oxidation in a static
reactor. The process occurs with the formation in the gas phase of an intermediate
product - acetaldehyde, which is eventually completely oxidized to CO2. For the
formed composite photocatalysts, an increase in the oxidation rate of the substrate
was observed in comparison with pure TiO2 (see Fig. 4). As a result, this led to a
decrease in the time of removal of the substrate and the intermediate from the gas
phase and a decrease in the maximum concentration of acetaldehyde in the latter.

Fig. 4 Kinetics of ethanol vapor oxidation processes under ultraviolet irradiation of titanium
dioxide (anatase) (I) photocatalysts and compositions (II, III) modified with the structure of layered
perovskite-like oxides K2Nd2Ti3O10
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The rate of oxidationof the substrate dependedon themethodof coating, the nature
of the applied property modifiers, the sequence of stages and modes of processing,
the compatibility of the coating and the basematerial and the nature of its preparation,
the applied composition and content of impregnating systems. To be able to compare
the activity of the developed photocatalysts, the portion of the mass of TiO2 in the
original refueling of water-suspension systems samples with pure titanium dioxide
and samples with applied modified compositions took the same.

Cation-ordered three-layer composite materials K2Nd2Ti3O10 under appropriate
conditions can act as alternatives to TiO2 anatase modification, the relative specific
activity of which is 6,2 times higher compared to this characteristic of titanium
dioxide.

The obtained information allows to optimize the conditions of formation of cation-
ordered layered titanates; find out the conditions and identify the temperature range of
application of this class of compounds. The obtained own and literary physicochem-
ical, thermochemical and structural data, as well as the results of their interpretation
are a stage in the development of experimental and theoretical scientific databases
on layered compounds and processes with their participation.

(Note. Test oxidation of substrates of vapors of organic substances (for example,
ethanol) formed by photocatalysts was carried out by irradiation with a bactericidal
lamp (254 nm, 8 W) by static method in the laboratory chamber V chamber = 40
dm3; at T= 292 K, respectively: a) with the introduction of a large simulated dose of
C2H5OH 2 ml (experiment I) in the presence of TiO2 anatase modification applied
to a structured nonwoven base and b) small doses of 0,1 ml (experiment II), 0,2 ml
(experiment III) C2H5OH followed by evaporation, in the presence of a functionally
active composition K2Nd2Ti3O10, applied to steel sheets and moistened with H2O.

In Experiment I, the coating was formed by drying the anatase modification
applied to the structured nonwoven base of an aqueous submicron dispersion of
TiO2; in experiments II, III composite coatings with the structure K2Nd2Ti3O10 are
formed on sheet steel carriers by a two-stage procedure of application and fixation
of precursors and subsequent slow heating of systems at a rate of 3–5 °/min. up to
550 °C and exposure for 4 h).

The studied class of layered compounds is a promising basis for creating func-
tionalmaterialswith unique properties,which are determined by the two-dimensional
nature of the interlayer space, distortion of the structure of titanium-oxygen octa-
hedra of the perovskite layer and high mobility of alkali metal cations. Such their
properties can be used in innovative fields of science, technology, energy, electronics,
ecology (see Fig. 4, Table 5).
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Table 5 Evaluation of the
conditional activity of
photocatalyst samples: I
sample - based on TiO2
(anatase) and II sample -
based on the composition of
the three-layer oxide
K2Nd2Ti3O10 in the
decomposition of ethanol
(Fig. 4, for areas with
proportional trends)

Cation ordered three-layer
K2Nd2Ti3O10

TiO2 (modification of
anatase)

S = 218 cm2 S = 395 cm2

t = 18,8 °C t = 19,0 °C

τ� = 40 min τ� = 128 min

�CO2 = 114 ppm �CO2 = 108 ppm

vavg. = 2,85 ppm/min vavg. = 0,84 ppm/min

vavg. act. = 13,1·10–3

ppm/cm2·min
vavg. act. = 2,1·10–3

ppm/cm2·min

3 Scientific Novelty

A comprehensive systematic study of the interaction of structural components in
systems of rare earth nitrates and IA groups of elements of the periodic table - precur-
sors of modern multicomponent oxide functional materials based on them - estab-
lished the formation of a wide class of alkaline coordination nitrates of lanthanides.
The identified objective patterns have a fundamental and applied value, deepen the
understanding of:

– chemical and physical properties of Ln, their complexing ability,
– possibility of formation and existence in similar systems of associated newphases,

their atomic-crystalline structure, stability and stability,
– the influence of the nature of lanthanides and alkali metals on the structure of

complex anions and compounds in general,
– individuality of Ln complexes,
– existence of isotypic in composition and structure of groups of compounds in the

natural series of lanthanides and alkali metals,
– the role of NO3

− - groups in the stereochemistry of this class of nitrates,
– the role of water in the formation of the immediate environment of Ln3+ ions-

complexing agents.

4 Practical Significance

The obtained system of knowledge about transformation processes in REE-
containing nitrate precursor systems and crystal chemical properties of Ln coor-
dination nitrate samples acquires special value in the formation of nanostructured
layered perovskite-like compounds of lanthanides and transition elements (including
titanium, described in [7, 8, 11, 32, 43–51], others), solid solutions based on them; in
establishing technological and functional dependencies between themethodof prepa-
ration, variability of the method of activation of technological systems, methodology
of manufacturing the target product and its phase composition, lattice parameters,
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specific surface area, morphology of constituent particles, activity of self-cleaning
compositions with photocatalytic and hydrophilic properties. and special structural
elements; in the practical implementation of innovative projects of water decomposi-
tion for the purposes of hydrogen production (as an alternative fuel), decomposition
of toxic organic substances in solutions and air, incomplete oxidation of carbohy-
drates; in obtaining other perovskite-like phases by ion exchange reactions and in
other areas.

5 Conclusions

1. The results of the study show that the processes of obtaining oxide REE-
containing structural and functional materials for different purposes using
nitrates of elements of different electronic structure by chemical mixing of the
source components in the joint separation of products from the liquid phase
by sequential or co-precipitation followed by heat treatment. Data on their
composition, content and behavior in each case require prior systemic empirical
knowledge in full concentration ratios in a given temperature range.

2. Differences in the behavior of structural components in the systems of
lanthanides of cerium and yttrium subgroups, in their nature of interaction,
stages, features and patterns of flow.

3. The new knowledge is the basis for:

– finding ways to increase the activity of Ln-forms;
– elucidation of the nature of successive thermal transformations in nitrate

REE-containingmulticomponent systemsof different aggregate states during
their heat treatment; conditions of formation and existence, properties of
intermediate phases; influencing factors; possible ways to control the receipt
of the target product;

– in case of creation of modern perfect low-cost technologies of formation of
functional materials of various function with reproducible properties.
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Carrying Out of Researches
for Determining the Term of Effective
Exploitation of Thermal Insulation
Materials for 100 Years (Part 2)

Gennadiy Farenyuk and Olena Oleksiienko

Abstract The study aims at finding indicators of longevity of themineral wool prod-
ucts while being used as an thermal insulation layer of building envelope of construc-
tion projects with operational life up to 100 years. Subject of the study is valuation
of changes in air permeability, compression strength at 10% linear deformation,
operational characteristics of material—thermal conductivity, specimen appearance
and geometry under cyclic climate effects that simulate environmental factors which
affect the state of thermal insulatingmaterials of building envelopes while being used
in construction projects. It was conducted a study of life characteristics of Rockwool
mineral wool products by Batts Lights (Rockmin) and Ruth Batts (Dachrock max) as
the thermal insulating layer of building envelopes with the life time up to 100 years.
During the study simulation of climatic impacts on the thermal insulating products
was conducted in conditions of normal use of products in building envelopes and
in conditions of probable failures of building envelopes. The results of the study
show that the stability criteria of physical parameters of the Rockwool mineral wool
product by Batts Lights (Rockmin) and Ruth Batts (Dachrock max) do not exceed
acceptable limits after massive cyclic climatic impact. This makes possible to esti-
mate the conditional life time of the mentioned Rockwool mineral wool products
being not less than 100 years.

Keywords Thermal insulation · Durability · Climate effects · Thermal
conductivity · Air permeability · Compression strength

1 Introduction

Modern building envelopes are constructed from materials of different thermophys-
ical properties and terms of durability. The widespread use of new thermal insolating
materialswithout proper verification in the practice of domestic housebuilding causes
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thermal failures of building envelopes in the operation of buildings. The concept of
the period of efficient operation of products was introduced to characterize the insu-
lating materials and to determine the possibility of their use in the modern structural
schemes of insulating cover of building in the national regulatory framework—DBN
V.2.6–31 [1].

The period of efficient operation (estimated durability) of thermal insulating prod-
ucts is the estimated operational period duringwhich the products retain their thermal
insulating properties at the level of project performance, as evidenced by the results
of laboratory tests and specified in the provisional warranty (lifetime).

The characteristics of an efficient operation period are based on the concept of
material resource i.e. the parameter that characterizes the change of thermophysical
properties of the material under service conditions that are simulated in the course
of the tests.

The basis of the method of determination of the operational resources is the
hypothesis of existence of material structure damage linear accumulation area under
single or total climate effects. The accepted concept affords ground to determine
the resource parameters by fixation and analysis of the nature of changes of general
physical parameters that determine the thermal performance of building envelope
within the field of linear accumulation of damages in both temperature and humidity
effects. This is the approach that is also adopted in the standards for methods of
testing roofing materials in accordance with the DSTU B EN 1296 [2] and insulating
materials in accordance with the ISO 11,561 [3] and [4–11].

2 Methodology and Research

The tests are carried out for the products that perform insulation functions in construc-
tions i.e. thermal insolating and air insolating functions. Accordingly, the change of
the following thermophysical properties of materials such as thermal conductivity,
air permeability are recorded during the test.

The researchmethodology is based on that fact that the testedmaterial is subjected
to cyclic climate effects that simulate operating conditions of the material in building
envelopes after which the changes of the thermophysical properties of the materials
are determined.

There is an operation imitation of climatic factors under normal use of the thermal
insolating materials in building envelopes in the methodological basis when duration
of effective operation of thematerial is estimated in accordance with the results of the
thermophysical characteristics measurement depending on the constructive solution
of thermal insulation of external building envelopes and in terms of possible structure
damages and appropriate action of climatic factors directly to the insulation product.

As for the thermal insulatingmaterials the period of efficient operation ismeasured
by change of thermal conductivity in standard tests, as well as changes in an air
permeability coefficient of material and change of the linear dimensions and strength
characteristics.
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Determination of stability of thermal insulating products to cyclic climate effects
(effective operation period). Stability factors of external appearance of the test
samples were determined visually and recorded for each test sample. After 180
cycles of climate effects of freezing—thawing—heating it was determined on the
base of visual inspection of the test samples that the appearance of the samples of
Light Batts (Rockmin) and Ruth Batts (Dachrock max) brands does not change.
Change of the material color and its continuity was not fixed visually in the course
of peeling and tearing of the material fibers. Visual appearance of one of the test
samples is shown in Fig. 1.

Change of geometrical dimensions of the samples is within 5% for Light Batts
(Rockmin) brand and 2% for RuthBatts (Dachrockmax) brand that allows evaluating
positively the stability of geometric dimensions and exterior view to the action of
cyclic climatic factors.

The thermal conductivity of ROCKWOOL mineral wool products of Light
Batts (Rockmin) brand—number of cycles diagram is shown in Fig. 2, Ruth Batts
(Dachrock max) brand in Fig. 3 respectively.

Fig. 1 Exterior view of the samples before (sample at the left of the Figure) and after (sample at
the right of the Figure) 180 cycles of climate impacts
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Fig. 2 The dependence of thermal conductivity of ROCKWOOL mineral wool products of Light
Batts (Rockmin) brand from cyclic effects
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Fig. 3 The dependence of thermal conductivity of ROCKWOOL mineral wool products of Ruth
Batts (Dachrock max) brand from cyclic effects

The dependence of thermal conductivity of ROCKWOOL mineral wool on the
number of cycles of freezing—thawing—heating is approximated by the formulas:

– for Light Batts (Rockmin) brand:

λ(z) = 0, 0386 − 0, 00001 · z ± 0, 0009 (1)

– for Ruth Batts (Dachrock max) brand:

λ(z) = 0, 0395 + 0, 000002 · z ± 0, 0004. (2)

Resource rate determined by the “Eg. (17)” [10] is:

for Light Batts (Rockmin) brand—r = −0,0018;
for Ruth Batts (Dachrock max) brand—r = 0,0004.
Fulfillment of condition is checked by the formula “Eg. (23)” [10]:
for Light Batts (Rockmin) brand:

r

λ0
kz = −0, 0018

0, 0386
· 5 = −0, 23 ≤ 0, 2 (3)

for Ruth Batts (Dachrock max) brand:

r

λ0
kz = 0, 0004

0, 0395
· 5 = 0, 05 ≤ 0, 2 (4)
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The test results of breathability coefficient i, kg/m2 h Pa, withΔp= 10 Pa depending
on the number of cycles of freezing—thawing—heating the ROCKWOOL mineral
wool of Light Batts (Rockmin) and Ruth Batts (Dachrock max) brands shown in
Figs. 4 and 5 respectively.

The ROCKWOOL mineral wool breathability coefficient dependence on the
number of cycles of freezing—thawing—heating is approximated in the formulas:

for Light Batts (Rockmin) brand:

i(z) = 0, 4511 − 0, 00005 · z (5)

for Ruth Batts (Dachrock max) brand:

i(z) = 0, 0617 + 0, 00002 · z (6)
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Fig. 4 Cyclic impact dependence of breathability coefficient of the ROCKWOOL mineral wool
products of Light Batts (Rockmin) brand
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Fig. 5 Cyclic impact dependence on breathability coefficient of the ROCKWOOL mineral wool
products of Ruth Batts (Dachrock max) brand
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Resource rate determined by the “Eg. (17)” [10] is:

for Light Batts (Rockmin) brand—r = −0,009.
for Ruth Batts (Dachrock max) brand—r = 0,0036.
Fulfillment of condition is checked by the formula “Eg. (24)”[10]:
for Light Batts (Rockmin) brand:

r

i0
kz = −0, 009

0, 4511
· 5 = −0, 1 ≤ 0, 35 (7)

for Ruth Batts (Dachrock max) brand:

r

i0
kz = 0, 0036

0, 0617
· 5 = 0, 29 ≤ 0, 35 (8)

The results of compressive strength test with 10% deformation depending on the
number of cycles of freezing—thawing—heating of the ROCKWOOLmineral wool
of Light Batts (Rockmin) and Ruth Batts (Dachrockmax) brands are shown in Figs. 6
and 7 respectively.

The compressive strength with 10% deformation of the ROCKWOOL mineral
wool dependence on the number of cycles of freezing—thawing—heating is
approximated in the formulas:

for Light Batts (Rockmin) brand:

σ 10(z) = 0, 0004878 − 0, 0000001 · z (9)

for Ruth Batts (Dachrock max) brand:

σ 10(z) = 0, 034 − 0, 000011 · z (10)

Resource rate determined by the “Eg. (17)” [10] is:

Fig. 6 Cyclic impact dependence on compressive strength with 10% deformation of the ROCK-
WOOL mineral wool products of Light Batts (Rockmin) brand
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Fig. 7 Cyclic impact dependence on compressive strength with 10% deformation of the ROCK-
WOOL mineral wool products of and Ruth Batts (Dachrock max) brand

for Light Batts (Rockmin) brand—r = −0,0018.
for Ruth Batts (Dachrock max) brand—r = −0,00,198.
Fulfillment of condition is checked by the “Eg. (25)” [10]:
for Light Batts (Rockmin) brand:

∣
∣
∣
∣

r

σ 10
0

kz

∣
∣
∣
∣
=

∣
∣
∣
∣

−0, 000018

0, 0004878
· 5

∣
∣
∣
∣
= |−0, 18| = 0, 18 ≤ 0, 35 (11)

for Ruth Batts (Dachrock max) brand:

∣
∣
∣
∣

r

σ 10
0

kz

∣
∣
∣
∣
=

∣
∣
∣
∣

−0, 00198

0, 034
· 5

∣
∣
∣
∣
= |−0, 29| = 0, 29 ≤ 0, 35 (12)

Thus, the conditions by the “Eg. (23), (24) and (25)” [10] are fulfilled.
Summary data on the results of testing the efficient operation period of the ROCK-

WOOL mineral wool of Light Batts (Rockmin) and Ruth Batts (Dachrock max)
brands are listed in Table 1.

Table 1 Results of testing the material efficient operation period

Brand Density, kg/m3 r
λ0
kz

r
i0
kz r

σ 10
0
kz Efficient operation

period

Light Batts (Rockmin) 37 −0,23 −0,1 0,18 Not less than
100 years

Ruth Batts (Dachrock
max)

145 0,05 0,29 0,29 Not less than
100 years
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Stability of theRockwoolmineralwool performance figure to the effects of climatic
moisture. The test results of thermal conductivity and changes of geometrical param-
eters of the Rockwool mineral wool samples by simulating the impact of climatic
factors are listed in Appendix A.

As a result of the tests a criterion of thermal conductivity change was calculated
for each sample by the “Eg. (26)” [10] the greatest value of which for each mode is
presented in Table 2.

According to the results of the tests it is specified that the requirements of criterion
“Eg. (26)” [10] for stability of thermal conductivity under cyclic wetting–drying
effects that simulate conditions of the thermal insulating products in the course of
the probable failure of building envelope in the process of upkeep of buildings with
the corresponding soaking of thermal protection by liquidwater and its natural drying
are performed.

Stability of the Rockwool mineral wool performance figures to the effects of solar
radiation and fog. As a result of the tests carried out in order determined in point
[10] a criterion of thermal conductivity change was calculated for each sample by
the “Eg. (26)” [10] the greatest value of which for testing mode is presented in
Table 3.

Table 2 Results of testing the Rockwool mineral wool for resistance to climatic moisture

Brand Drying
temperature, °C

The greatest
criterion

Specified
specification, no
more than

Conformity

Light Batts
(Rockmin)

+20 0,006 0,1 +
0 0,002 +
−10 0,012 +

Ruth Batts
(Dachrock max)

+20 0,012 +
0 0,032 +
−10 0,017 +

Table 3 Results of tests on mineral wool Rockwool resistance to climatic moisture

Brand Average thermal
conductivity in
initial
conditions,
W/(m K)

Average
thermal
conductivity
after climate
effects, W/(m
K)

The greatest
value of
criterion

Normative
characteristic
not more than

Conformity

Light Batts
(Rockmin)

0,0386
± 0,0009

0,0393
± 0,0006

0,058 0,1 +

Ruth Batts
(Dachrock
max)

0,0395
± 0,0004

0,0409
± 0,0003

0,054 +
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The received experimental data show that the requirements of criterion “Eg. (26)”
[10] for stability of thermal conductivity under cyclic effects of radiation and high
air humidity simulating condition of thermal insulating products during the probable
failure of building envelopes in the course of operation of construction projects with
related direct effect of solar radiation and humid air on the thermal insulating layer
are carried out.

Thus, the stability of thermophysical characteristics of the tested products under
conditions not foreseen for the thermal insolating mineral wool products in building
envelope but which may possibly occur in the course of building operation and are
defined as failures that can be repaired, is high enough for the established evaluation
criteria.

3 Conclusion

The researches of identification of life characteristics of the Rockwool mineral wool
products of Batts Lights (Rockmin) and Ruth Batts (Dachrock max) brands for the
use of products as the thermal insulating layer of building envelopes with the life
time up to 100 years were conducted. The researches were conductedwith simulation
of climatic impacts on the thermal insulating products under conditions of normal
use of products in building envelopes and under conditions of probable failures of
building envelopes. The evaluation of life time was carried out by the nature of
changes of the thermal insolating product performance criteria—air permeability,
thermal conductivity, compressive strength at 10% linear deformation and changes
of appearance and geometric parameters of the samples under cyclic climatic impacts
and in terms of possible damages of building envelope during operation of buildings.

According to the results it is found that the stability criteria of physical param-
eters of the Rockwool mineral wool product of Batts Lights (Rockmin) and Ruth
Batts (Dachrock max) brands after the complex of cyclic climatic impacts are within
acceptable limits, which allows to assess the conditional life time of the mentioned
Rockwool mineral wool products for not less than 100 years.
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Investigation of the Impact
of Organizational and Technological
Factors on Construction Processes
in the Construction of High-Rise
Monolithic Reinforced Concrete
Buildings

Sahib Farzaliyev and Roman Pahomov

Abstract The article is devoted to the analysis of themain features of organizational
and technological solutions to improve the efficiency of construction of high-rise
monolithic reinforced concrete buildings, their timely commissioning, to enhance
the organization of production, to reduce the cost of construction products.

In order to study the factors that influence organizational and technological solu-
tions in the construction of high-rise monolithic reinforced concrete buildings; the
influence force and nature of factors, affecting the feasibility of the study, were deter-
mined by using the method of mathematical and statistical analysis of Kolmogorov’s
theory. Usually, it is more useful to define the parameters of the model for small
sample sizes by using the criterion of Kolmogorov and to give recommendations for
improving these parameters.

Therefore, in order to improve the efficiency of organizational and technolog-
ical solutions in the construction of monolithic reinforced concrete buildings, it is
necessary to determine the factors affecting its production and prepare scientifically
justified recommendations.

Keywords High-rise monolithic reinforced concrete works · Organizational and
technological factors · Kolmogorov’s statistics · Distribution hypothesis · Cost ·
Efficiency

1 Introduction

In the construction industry, along with the architectural volume-planning and
constructive solutions of monolithic reinforced concrete frame buildings, features
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such as high earthquake resistance and durability are increasing its development day
by day. The demand for monolithic reinforced concrete buildings also necessitates
solving organizational and technological issues aimed at improving its efficiency.
Issues such as reducing labor costs and the cost of monolithic work also make these
solutions relevant [8].

One of the indicators of improving the efficiency of construction production is the
technological, possible implementation and organization of the constructive solution.
The solution of these issues is one of the factors affecting the increase in labor costs
and determining the economic efficiency of construction with monolithic reinforced
concrete structures.

2 Main Part

2.1 Purpose of the Article

Themain purpose of the article is to determine the factors that have the greatest impact
on technical and economic indicators, using the method of mathematical and statis-
tical analysis of the Kolmogorov theory to improve the efficiency of the construction
of high-rise monolithic reinforced concrete buildings and to make recommendations
for improving these parameters.

2.2 Research Methodology

The methodological basis of the research is a systematic approach aimed at studying
and solving the works of domestic and foreign scientists dealing with the problems of
improving the efficiency of construction of high-rise monolithic reinforced concrete
buildings.

During the research, methodological guidelines of leading scientific institutions
dealingwith the problemof improving the efficiencyof the construction ofmonolithic
reinforced concrete buildings were used, as well as actual materials of a number of
construction contractors performing large volumes ofmonolithic reinforced concrete
works.

The research methodology used was the method of expert assessments, prob-
ability theory and mathematical statistics, correlation and regression analysis,
graph-analytical method, methods of economic and mathematical modeling.



Investigation of the Impact of Organizational and Technological … 107

2.3 Results

Many scientists have contributed to improving the efficiency of organizational
and technological solutions for monolithic reinforced concrete works [1, 2, 4, 5].
However, the results of these scientific analyses show that these recommendations
are not enough to improve the efficiency of organizational and technological solutions
for monolithic reinforced concrete works. Therefore, to improve the effectiveness
of organizational and technological solutions, it is necessary to identify factors that
affect this, and develop scientifically based recommendations.

Although the impact on the construction process varies, the joint consideration
of organizational and technological factors has proven its value in practice. The
construction processes of high-rise monolithic reinforced concrete frame buildings
are complex and are influenced by a number of organizational and technological
factors such as usage of the automated systems, frequent updates of the formwork
systems, the attraction of new machines, and air and climate conditions. This shows
that the assessment of these factors affecting the solution of organizational and
technological issues of monolithic reinforced concrete works is a very difficult and
complex process. Therefore, there is a need for analysis in various areas to identify
these aspects that affect organizational and technological factors [3, 6].

For this purpose, a number of factors influencing organizational and technological
solutions were investigated on the basis of data from ArchiCo LLC, which builds
social facilities for IDPs in the 12th micro-district of Sumgayit.

As a result of the research, it was found that a group of factors in the construction
industry influences organizational and technological decisions in the construction of
high-rise reinforced concrete buildings (Table 1).

The goal of this study is to determine the level of influence of these factors on
the effectiveness of decisions made in the organization and technology of work in
the construction of monolithic reinforced concrete buildings. As usual, the methods
of mathematical statistics and correlation and regression analysis are used for this
purpose [9].

The first task of mathematical statistics is to show the collection and grouping of
statistical data obtained from observations and special experiments, and the second
is to develop the methods for analyzing statistical data in accordance with the goals
of the study [9].

This includes:

1. Estimation of unknown probabilities of events, unknown distribution function,
distribution parameters and random quantity dependent on one or more random
quantities.

2. Testing statistical hypotheses about an unknown type of distribution law or
distribution parameters whose type is unknown.

Thus, the task of mathematical statistics is to create methods for collecting and
processing statistical indicators to obtain scientific and practical results.
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Table 1 Group of factors affecting organizational and technological solutions

Technological complexity of the object 1. Volume of monolithic reinforced concrete
works of the building

2. Object configuration

3. Floor of the building

4. Characteristics of constructive solutions

5. Volume of precast concrete structures

6. Share of grouped works

7. Volume of monolithic reinforced concrete
structures made with the use of individual
molds

Volume of monolithic reinforced concrete structures

The area where the object is located 8. Natural construction conditions

9. Non-natural construction conditions

10. Removal of the object from the construction
base

11. The impact of climatic conditions on
construction

12. Demand for construction products in the area

Type of construction 13. Innovation of the project solution

14. Level of different types of products

15. Level of product with different options

Level of mechanization of construction 16. Level of grouping of the mold system

17. Level of consolidation of construction
machinery

18. Level of use of construction machinery

Organization of construction and labor
management

19. The level of specialization of the main
processes

20. Systematization of work on processes

21. The level of application of the method of flow

22. The level of application of supervisory
control

Level of use of employees 23. Complectation level of labor resources

24. The rate of use of working time

25. The level of compliance of the employee
with the production norm

The purpose of our study is to determine the nature of factors affecting orga-
nizational and technological solutions in the construction of high-rise monolithic
reinforced concrete buildings and their role in improving its efficiency.

If the distribution law is unknown, but there are reasons to assume that it belongs
to a certain type (we denote it by A), then the null A hypothesis is checked that
the total set is distributed according to the law A. The test of the hypothesis under
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consideration is carried out using the criterion of agreement of a specially selected
random variable. The consensus criterion refers to a hypothetical statistical model
and statistical criteria designed to test experimental data that is affected by thismodel.

The following consent criteria are commonly used in statistical studies:
Criteria of Pearson, Kolmogorov, Smirnov [11]. It is more appropriate to use the

Kolmogorov criterion to test the hypothesis of the normal distribution of the set of
heads, when not large sample sizes and model parameters are known.

Our goal is to determine the degree of influence of these factors on a particular
indicator, which can be a measure of the effectiveness of decisions made in the
organization and technology of their work in the construction of monolithic rein-
forced concrete buildings. For this purpose, methods of mathematical statistics and
correlation and regression analysis are often used [10–12].

Modern mathematical statistics can be defined (accepted) as the science of
decision-making under conditions of uncertainty. The determination of the regulari-
ties ofmass randomevents is based on the study of the results of statistical observation
based on the methods of probability theory. The use of mathematical and statistical
analysis allows us to identify the strength and nature of the dependence of technical
and economic indicators on various factors, on their basis to develop measures and
practical recommendations for improving these indicators.

The first task of mathematical statistics is to show the accumulation and grouping
of statistical data obtained as a result of observations and specially designed exper-
iments, and the second is to develop methods for analyzing statistical data in
accordance with the objectives of the study [11]. This includes:

Estimation of unknown probabilities of events, distribution functions, distribution
parameters, estimation of the dependence of a random variable, the type of which is
known, on one or more random variables.

2. Testing hypotheses about the distribution law, the type of which is unknown,
or about the prices of the distribution parameters, the type of which is known.

Thus, the task of mathematical statistics is to determine the methods of collecting
statistical indicators and processing them to obtain scientific and practical results.

The purpose of our research work is to determine the nature of the studied factors
and their impact on the organizational and technological solutions of construction
processes used in the construction of high-rise monolithic reinforced concrete build-
ings. If the distribution law is unknown, but there is reason to believe that it belongs
to a certain type (let’s denote it by a), then check the null hypothesis a that the total
number is distributed according to the lawA. The test of the hypothesis in question is
carried out using a specially selected random variable—the criterion of agreement.

The coherence criterion is a statistical criterion designed to test a hypothetical
statistical model and the experimental data described by this model.

In statistical studies, the following consent criteria are usually used: χ2, the
Pearson, Kolmogorov, and Smirnov criteria [9]. It is considered appropriate to use
the Kolmogorov test to test the hypothesis of the normal distribution of the set of
heads, when not large sample sizes and model parameters are known. It should be
borne in mind that the Kolmogorov criterion does not prove the correctness of the
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hypothesis, like any other criterion. It is only at a perceived level that it determines
the importance of agreeing with observational data.

The research paper assumes that the experimental data express a random sample.
In this case, the theoretical model describes the distribution law. Speaking about the
law of theoretical distribution, it should be noted that in this law it is necessary to
distinguish between simple and complex hypotheses. A simple hypothesis shows
a certain probability law (probability distribution) that determines the sample esti-
mates. A complex hypothesis, however, involves not a single distribution, but any
set of distributions (for example, a parametric family).

In the case of a simple hypothesis, the measured data becomes numbers, in
other words, one-dimensional random variables are considered. The distribution
of one-dimensional random variables can be fully described by their distribution
functions. In the case of a complex hypothesis, it is checked whether the sample
under study obeys a certain parametric distribution law (for example, the law of
normal distribution). At the same time, the parameters of the distribution law remain
undefined.

As mentioned above, the Kolmogorov’s statistic, usually denoted by D, is used
in the literature to determine the distribution characteristics of the set of indicators
characterizing the factors under study and the determinant [7].

Let’s assume that any n-dimensional sample is taken and denote the real distribu-
tion function, which observations obey via G (x), and the hypothetical distribution
function—via F (x). Then the hypothesis H that the real distribution function is F (x)
can be written as follows:

H : G(·) = F(·) (1)

The hypothesis H can be tested in such a way: if H is true, then there will be some
similarity in the distribution functions Fn and F, and the difference between them
will be decreased with increasing n.

To express the similarity between these distribution functions, it is possible to
use any distance between them. For example, Fn and Fi can be compared using the
following quantity, called regular metrics.:

Dn = sup
−∞≺x≺∞

|Fn(x) − F(x)| (2)

The following algorithm is used to test hypotheses:
To use Kolmogorov’s statistics to test the simple hypothesis H: G = F in the

original sample, the value of the Dn statistics is necessary and can be calculated by
the formula, shown below:

Dn = mak
1≤k≤n

[
k

n
− F

(
x(k)

)
, F

(
x(k)

) − k − 1

n

]
(3)
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Here x1, x2, … xn are the elements of a series of variations constructed by initial
selection. The a Dn quantity obtained is compared with the crisis values taken from
the corresponding tables. If the value of Dn obtained in practice exceeds the value
of the crisis taken (within the selected significance level), then the H hypothesis is
refuted.

In a normal distribution, most values of a random variable are grouped symmet-
rically relative to mathematical expectations. This corresponds to the nature of
measurements in which gross errors or omissions are less likely. Based on this
assumption, a formula was defined for finding the required amount of statistical
data in mathematical statistics:

n = t2 · σ 2

δ2
(4)

here; t is found from the ratio F (t) = v/2; (F (t) is a Laplace function, the table
value),
ν—level of reliability;
σ—a priori studied random variable, i.e. the standard deviation known before
experimental measurements;
δ—the given accuracy.

t= 2 and δ = 0.05 are sufficient values to solve the problem. Based on the analysis
of data for similar samples, it is assumed that σ = 0.173. Taking into account the
accepted level of reliability the required amount of statistical data in this case will
be as follows:

n = (
22x 0, 173

)
/0, 052 = 47, 9

Rounding this value assumes that n = 50.
Thus, enough information is collected to analyze the studied factor to ensure the

required degree of reliability of the results to be calculated.
The interval sequence of cost allocation for monolithic reinforced concrete works

is shown in Table 2 below.
When studying the indicator that determines the specific cost of monolithic rein-

forced concrete works, the calculation found a statistical value of Kolmogorov D50

= 0.017. At the significance level of 1% of the table indicator, the statistical value is
Dtable = 0.224. When Dn < Dtable, we can conclude that the initially studied indica-
tors agree with the accepted hypothesis of zero relative to the normal nature of the
distribution.

Figure 1 below shows a graph of the density of the distribution function of the
studied indicators of the unit cost of monolithic reinforced concrete works.

Thus, the density graph of the distribution function of the studied indicators of the
unit cost of monolithic reinforced concrete works shows that the number of rows that
quantify the studied indicators is described in accordancewith the lawwith the normal
distribution curve. This fact confirms that a number of studied organizational and
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Table 2 The interval of value cost allocation

The sequence number of
intervals

Value range The number of intervals Frequency of occurrence
(density)

1 500 2000–2500 1

2 500 2500–3000 1

3 500 3000–3500 2

4 500 3500–4000 2

5 500 4000–4500 4

6 500 4500–5000 6

7 500 5000–5500 8

8 500 5500–6000 7

9 500 6000–6500 7

10 500 6500–7000 5

11 500 7000–7500 3

12 500 7500–8000 2

13 500 8000–8500 1

14 500 8500–9000 1

Total 50
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Fig. 1 Density Graph of the distribution function of the studied indicators of the unit cost of
monolithic reinforced concrete works

technological factors affect the efficiency of monolithic reinforced concrete works
and the unit cost.
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2.4 Scientific Novelty

Asa result of the research, themost significant factors affecting the organizational and
technological solutions of construction processes in the construction of monolithic
reinforced concrete buildings were identified and classified. The dependence of the
influence of these factors on the effectiveness of organizational and technological
solutions is established. A graphoanalytic model is developed to determine the zones
of effective action of factors, based on the identification of patterns of influence of
factors that affect the effectiveness of organizational and technological solutions in
the construction of monolithic reinforced concrete buildings.

2.5 Practical Importance

Research results can be used in the development of concepts of perspective urban
planning, organizational and technological solutions for the construction of high-rise
monolithic reinforced concrete buildings in the creation of cheap housing market.

3 Conclusions

The analysis of factors affecting the effectiveness of organizational and technolog-
ical solutions of construction processes in the construction of high-rise monolithic
reinforced concrete frame buildings was carried out on the basis of data from LLC
“Archiko”. It was found out that to ensure the degree of reliability of factors affecting
the effectiveness of organizational and technological solutions, approximately n =
50 data indicators are required.
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Desalınatıon of Salt Water by Chemıcal
Method

Gulnar Feyziyeva and Olena Stepova

Abstract Ways to improve the efficiency of chemical methods of water desalination
process by analyzing anion was determined that the first step to further expand
the scope of application of this method anionit filter regeneration NaOH instead of
cyanide, which is much cheaper than the Ca (OH)2 will need to use cyanide. As it is
known, when the highly acid cationites regenerate with acid, the best regeneration is
Na, the good regeneration is Mg and the worst regeneration is Ca ions. The results of
the raw water composition show that by using filters operating with the reverse flow
principle, the first stageH-cationite filters at stoichiometric value or regeneratingwith
an acid close to it and can achieve high exchange capacity. An effective technology
for regeneration of anionite filters with lime solution has been developed and studied
in AUAC. In this technology, wastewater is not produced and regeneration products
are removed from the system in the form of a calcium sulfate suspension. Anionit
filters waste with lime and H-cationite 3–5% solution of sulfuric acid regeneration
technology developed filters. Alkali and acid regeneration technologies have been
proposed stexiometrik private consumption is equal to the price.

Keywords Reverse osmosis · Salinity · Regeneration · İon exchange · Exchange
capacity · Filter · Lime suspension · Desalination technology

1 Introduction

The production of desalinated water for thermal power plants (TPPs) can be carried
out using either chemical, reverse osmosis or thermal methods. The question of
which of the above methods to desalinate raw water for these TPPs depends on
mainly the salinity of the raw water, ionic composition and the required quality of
desalinated water. When the salinity of raw water is up to 0.6–0.7 g/dm3, according
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to current norms, economically, the chemical method is used. If the concentration of
salts in the primary water is higher than the above value, reverse osmosis or thermal
methods are used. The amount of acid and alkali used by the traditional method to
purify water from chemical salt is 2–3 and 1.8–2.5 times higher than stoichiometric
amounts, respectively. Although the consumption of reagents is much higher than the
theoretical amount for the regeneration of ion exchangers, only some of their total
exchange capacities are used. For example, although the total exchange capacity of
strongly acidic KU-2–8 cationites is 1700 (g-eq)/m3, the working exchange capacity
in the H-cationization process is on average 450–500 (g-eq)/m3, that is, this value
covers 25–30% of the total exchange capacity [1, 2].

The chemical desalination technology of the water discussed in the article allows
reducing the amount of acid and alkali used for regeneration of ionites up to a
stoichiometric value, which means an average reduction of reagent consumption by
2–2.5 times. Also, due to the 1.5–2.5 times increase in the exchange capacity of
ion exchangers, the decrease in ionite consumption in the considered productivity,
as well as the number of filters used in the device, is significantly reduced. As a
result, capital investment in the construction of a water treatment plant is sharply
decreasing.

From the above, we can observe that it is possible to desalinate water with higher
salinity rate (1500–2000 mg/dm3) by using the technologies developed at the Azer-
baijan University of Architecture and Construction (AUAC), by extending the area
of use of chemical desalination. In order to further expand the usage area of chemical
desalination of the water, the regeneration of the first stage anionite filters can be
carried out with the most common Ca(OH)2 alkali rather than NaOH alkali [1].

First stage anionite filters can be reproduced with a 0.5–1.5% lime suspension or
lime solution. The disadvantages of regenerating anionite filterswith lime suspension
are the complexity of the regeneration process, the low utilization rate of exchange
capacity of anionite, the deterioration of the filtrate quality due to contamination with
calcium ions and the pollution of water basins with the treated regenerated solution
of anionite filters.

The low solubility (44–46 mg-eq/dm3) of lime in water allows it to effectively
regenerated anion filters. When the anion filters are regenerated with lime solution,
the water consumption for the preparation of the solution increases, a large amount
of wastewater is formed and the water basins are contaminated.

Although the value of Ca(OH)2 is sharply lower than the value of NaOH, it
is not used to replenish anionites for the above reasons that have arisen during the
regeneration of anionite with Ca(OH)2. In order to regenerated the first stage anionite
filters from Ca(OH)2 alkali, a new technology should be developed to overcome the
shortcomings mentioned above.
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2 Methods

An effective technology for regeneration of anionite filters with lime solution has
been developed and studied in AUAC [1, 3]. In this technology, wastewater is not
produced and regeneration products are removed from the system in the form of a
calcium sulfate suspension.

The schematic diagram of the developed technology is shown in Fig. 1. The
processed regeneration solution of (1) anionite filter operating in the sulfate ion
capture mode accumulates into (2) tank and is drawn from there with (3) pump
and passed through a lime suspension loaded device such as (4) saturator. Here,
calcium sulfate collapses and the solution is saturated with calcium hydroxide. Then
a solution of lime containing a certain amount of calcium sulfate is released from
anionite at a speed of 10–15 m/h, where hydroxide ions turn into sulfate ions, that
is, the regeneration of the anionite’s filter takes place and the solution of calcium
sulfate is obtained from the anionite. The same solution is discharged again from a
lime suspension loaded device, where calcium sulfate precipitates and the solution
saturates with calcium hydroxide, after that the solution sends to the anionite filter.
Thus, the same solution circulates between the anionite filter and the lime suspension
loaded device. In this case, sulfate ions are transferred from the anionite filter to the
device loaded with lime suspension and separated in the form of calcium sulfate,
OH-ions are transferred from the apparatus loaded with the lime suspension to the
anionite filter and regenerate it. It is also possible to repair the circulating regeneration
solution in ordinary clarifier [4].

Anionite filter (1) is washed with the water of the 1st stage H-cationite filter and
the solid part and the diluted part are collected in the processed (2) regeneration tank
of the anionite’s filter and (5) tank, respectively. From there, it is transmitted to the
primary water clarifier with the help of (6) pump.

The first stage anionite filter which is loaded with weak-based anionite can work
in two modes. In the first case of the first stage anionite filter, mainly SO4 ions are
retained, and in the second case, both SO4 and Cl ions are retained in the filter.

Fig. 1 Scheme of
regeneration of anionite
filters with lime solution
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Since the SO4 ions are primarily kept in the first stage anionite filter, Cl ions are
retained in the second stage anionite filter which is loaded with high-base anionite.
Since Silicate and CO2 ions are also retained in the second stage anionite filters, it
must be regenerated with NaOH alkali. As a result, NaOH alkali consumption for
the regeneration of the second stage anionite’s filter will be several times higher
than regeneration of only silicate and CO2 ions. In addition, due to the specific
consumption of NaOH alkali for regeneration of the second stage anionite filter
is several times higher than the stoichiometric amount, the processed regeneration
product consists primarily of alkaline solution, which is sufficient for regenerating
the first stage anionite filter for many types of water.

In case of keeping SO4 and Cl ions together in the first stage anionite filter loaded
with weak base anionite, it is necessary to release the sulfate salt solution from
it and to be converted to SO4 before regenerating it with the lime solution. As a
sulfate salt solution, a neutral sulfate salt solution can be used, which is arisen by
the regeneration of cationite filters with a sulfuric acid solution. Depending on the
ionic types of salts in primary water and the regeneration regime of cationites, the
processed regeneration solution cannot consist of a mixture of sodium and coarse
salts.

The scheme of the proposed device (in “Shimal” Steam Power Plants) for the
desalination of brine with a total salinity of 1702 mg/dm3 and ion content of Ca =
5,2; Mg = 11,6; Na = 9,36; Cl = 5,35; SO4 = 16,56; HCO3 = 4,25 mq-eq/dm3 is
shown in Fig. 2.

The raw brine is mixed with the wash water from the regeneration solutions of
the first and second stage anionite filters and passed through (1) mechanical filter,
(2) first stage cationite and (3) anionite filters in top-down direction order to (4)

Fig. 2 The scheme of the desalination unit of saltwater by regenerating the first stage anionite filter
with the lime solution
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decarbonizer. Decarburized water is desalinated from by passing through (6) second
stage cationite and (7) anionite filters in top-down direction with the help of (5)
pump. Desalinated water (DW) is supplied to consumers. The first stage continues
in accordance with the operating conditions of cationite and anionite filters until the
Na- and Cl ions begin to pass to the filtrate [5].

As it is known, when the highly acid cationites regenerate with acid, the best
regeneration is Na, the good regeneration is Mg and the worst regeneration is Ca
ions [1]. Ca cations in the water whose ionic content is shown above make up only
20% of the total cations. Na- and Mg cations are 4 times more than Ca-cations and
approximately 2 times more than Na cations.

The results of the raw water composition show that by using filters operating with
the reverse flow principle, the first stage H-cationite filters” at stoichiometric value
or regenerating with an acid close to it and can achieve high exchange capacity.

H-cationite filters are regenerated as shown below. Firstly, 2–3% sulfuric acid is
taken from the middle drainage by releasing from above and below the second stage
H-cationite filter, then it is also released from the first stage H-cationite filter in the
same way. The solid portion of the processed regeneration product (SPP) is collected
in (8) tank. In the next regenerations, the cationite layer, which is in the upper part
of the middle drainage system of the first stage H-cationite filter, is regenerated with
SPP taken from (8) tank and SPP is discarded. After that, H2 and H1-cationite filters
are regenerated with 3–5% sulfuric acid solution as before.

Since calcium ions are kept with cationite, which is mainly located in the upper
part of the middle drainage system during H-cationization and its contents are taken
from (8) tank are almost completely transformed into Na and Mg form when it is
regenerated with SPP as its content consists mainly of sodium and magnesium salts.
In this case, the concentration of sulfuric acid solution can be increased by 4–5% or
more. As a result, the metabolic capacity of cationite can be sharply increased.

To convert SO4 and Cl ions held in the first stage anionite filter to SO4 form
completely it is necessary to be passed the salt solution which is accumulated in the
tank (8) and which is the SPP of the first stage cationite filter consisting mainly of
sodium and magnesium salts [6–9].

The first stage anionite filter is regenerated with lime solution in a straight reverse
flow scheme. The solid part of the SPP is taken from the medium drainage system
and collected into (10) tank by filtering through (12) device loadedwith lime solution
with the help of (11) SPP pump collected in (13) tank. Calcium sulfate collapses in
the unit (12) and the solution is saturated with calcium hydroxide. Then, the lime
solution containing some calcium sulfate is passed through (15) mechanical filter
with the help of (14) pump and passed through it to regenerate the first stage anionite
filter, so the cycle is repeated.

The second stage anionite filter is regenerated with NaOH alkali in a straight
reverse flow scheme, the solid portion of the TPP is collected in (13) tank and the
liquid portion in (16) tank and mixed with raw brine before mechanical filtration
with the help of (17) pumps.

Thus, the area of usage of desalination by chemical method can be significantly
extended using the scheme as shown in Fig. 2.
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3 Conclusions

By analyzing the ways to increase the efficiency of anionization in the chemical
desalination process of water, it was determined that the regeneration of the first
stage anionite filter should be done by using Ca(OH)2 alkali instead of NaOH alkali
to further expand the area of usage of this method. Regeneration technologies have
been developed with lime solution of anionite filters waste-free, and 3–5% sulfuric
acid of H-cationite filters. In the proposed regeneration technologies, specific alkali
and acid consumption are equal to stoichiometric values.
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Research of Methods of Calculation
of Thermal Characteristics of Enclosing
Designs in Summer Conditions
of Operation

Olena Filonenko , Gennadiy Farenyuk , Olexandr Semko ,
and Nataliia Mahas

Abstract The methods of calculation of heat resistance of enclosing constructions
are analyzed in the work. The dynamic thermal performance of a building enve-
lope describes the thermal behavior of a component when it is subjected to varying
boundary conditions. The result of the calculation according to the national method
is represented by values that do not allow to include them in the assessment of the
overall energy efficiency of buildings. To verify the results of a theoretical study
of the dynamics of the temperature regime of the enclosing structure, experimental
measurements were carried out.

Keywords Heat transfer resistance · Heat loss · Thermal insulation

1 Introduction

The rooms in which people are located must provide a certain level of comfort.
The state of comfort is a subjective feeling that occurs in people under the complex
influence of such basic factors: acoustic environment, color, temperature, humidity,
air mobility, and the like.

The main factors that form the microclimate of the premises are: temperature,
speed of movement and air humidity, as well as radiation temperature, that is, the
average temperature of the surfaces of enclosing structures and objects.

Outside air temperature fluctuations (the effect of solar radiation, daily change in
the outside air temperature) put additional requirements on the temperature regime
of the enclosing structures in the summer.

The performance of the enclosing structures largely depends on the magnitude
of temperature fluctuations on their inner surface. With a significant amplitude of
fluctuations in the temperature of the enclosing structure in the summer, there may be
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a periodic increase in the temperature of the internal air, followed by the return of heat
into the house and overheating of its premises. To assess the comfort indicators of
the microclimate in the room, the heat resistance of the inner surface of the enclosing
structures is calculated.

The purpose of the calculation is to provide the enclosing structures with the
necessary heat-shielding qualities that guarantee the maintenance of an almost
constant temperature on the inner surface of the structure with periodic changes
in the parameters of the external environment.

The influence of local influences on thermal sensations in non-uniform environ-
mental conditions is considered in the works [1, 2].

The assessment of the climatic parameters of the indoor environment of the room
is carried out by the reaction of a person. Models based on a multi-node model are
being developed, taking into account the countercurrent heat exchange of blood, a
detailed view factor has been added to calculate the radiation heat transfer of a human
body to the environment, including the load of solar radiation on people. The model
can calculate human thermal reactions in transient and inhomogeneous environments
[3]. The study of the thermal parameters of multilayer structures is presented in the
works [4–10]. When designing modern structures, the use of extreme principles is
promising [11–15].

For a detailed study of the internal parameters of the premises, it is necessary
to clarify the methods for studying the thermal characteristics of the enclosing
structures.

The purpose of the article is to compare various methods for calculating
the dynamic thermal characteristics of the building envelope and experimental
measurements.

Research methods are based on engineering methods for determining thermal
characteristics.

2 Theoretical Study of the Dynamic Thermal
Characteristics of the Enclosing Structures

The dynamic thermal performance of the building envelope describes the thermal
behavior of a component when it is subjected to variable boundary conditions.

Dynamic thermal performance is used to calculate the indoor temperature of a
room, heating or cooling equipment, and the effects of intermittent heating or cooling.

According to UNE-EN ISO 13,786: 2011 [8] dynamic thermal characteristics of
any component:

The periodic thermal conductivity Lmn is a complex number that shows the rela-
tionship between periodic heat flux andperiodic temperature in sinusoidal conditions.
The value is determined by the formula:
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�

Φm = Lmm
�

θm − Lmn
�

θn (1)

where
�

θm,n and
�

Φm are complex amplitudes of temperature and heat flow.
The heat capacity is the modulus of the ratio of periodic thermal conductivity and

angular frequency. The value is determined by the formula

Cm = 1

ω
|Lmm − Lmn| (2)

where ω = 2π /T and T is the period of variation in seconds.
In Ukrainian standards, the influence of fluctuations in the outside air temperature

on the temperature regime of the enclosing structures in the summer is taken into
account by the following indicators:

– the amplitude of fluctuations in the outside air temperature Atzpoz, °C is the
maximum temperature deviation on the inner surface of the opaque enclosing
structure from the average daily value when exposed to solar radiation in summer
operating conditions;

– the value of attenuation of the amplitude of fluctuations in the temperature of the
outside air ν;

– the coefficient of heat assimilation of the material of individual layers s, W/(m2

K) - this is a physical parameter that reflects the ability of the material to perceive
heat when the temperature fluctuates on its surface. It is determined by the ratio
of the amplitude of heat flux fluctuations (W) to the amplitude of temperature
fluctuations (K) on a unit surface area of the material (m2) over a period of 24 h.

Method of calculation according to UNE-EN ISO 13,786: 2017 [16]:
The method given in this International Standard is based on heat conduction in

building components composed of several plane, parallel, homogeneous layers, under
regular sinusoidal boundary conditions and one dimensional heat flow.

That means that at any location in the component, the temperature variations can
be modeled by

θn(x, t) = θ(x) +
�

θ+n(x)e jωt + �

θ−n(x)e− jωt

2
(3)

and the variations of the density of heat flow rate are

qn(x, t) = q(x) +
�

q+n(x)e
jωt + �

q−n(x)e
− jωt

2
(4)

With
�

θ±(x) = ∣
∣θ(x)

∣
∣e± jψ and

�

q±(x) =
∣
∣
∣

�

q(x)
∣
∣
∣e± jϕ .
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Temperature and density of heat flow rate variations are those around the mean
values 0 and cj of these variables, which are linked by

q = U
(

θ i − θ e
)

(5)

where U is the thermal transmittance of the component.

3 Methodological Aspects of Experimental Research

To check the results of a theoretical study of the dynamics of the temperature regime
of the enclosing structure, experimental measurements were carried out. The essence
of the methods for the experimental determination of the heat resistance of enclosing
structures is to find the dynamics of changes in the temperature regime of the inner
surface of the enclosing structure according to the results of thermal measurements
in the summer period.

In natural conditions, tests were carried out in the summer period of the year, with
a clear sky, when thermal conditions close to the calculated ones are established.

The purpose of experimental research:
when testing opaque enclosing structures, determine the amplitude of fluctuations

in the temperature of the inner surface;
to verify theoretical studies.
Experimental studies were performed according to the method of DSTU V.2.6–

100: 2010.
The study measured:

– temperatures of internal and external surfaces of a protection;
– indoor and outdoor air temperatures;
– humidity of internal and external air;
– heat flow through the wall.

Registration and display of controlled parameters (heat fluxes, temperatures and
humidity) with reference to time and date was performed by the heat flux density
and temperature meter.

The study was conducted from 07/27/2015 to 08/21/2015, as the hottest period
of 2015. The object of research is an external solid brick wall with a thickness of
510 mm with an internal lime-sand plaster with a thickness of 20 mm.

The tests were carried out on the building envelope in use. Tests of the wall in
the intermediate floor room with the orientation of the external enclosing structure
to the south-west and the absence of shading by the surrounding buildings and trees.

The results ofmeasuring the temperature of the indoor and outdoor air, the temper-
ature on the inner surface of the structure and the heat flow during the calculated day
are shown in Fig. 1. The values were recorded every 10 min.
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Fig. 1 The graph of the temperature distribution of the internal (4) and external (1) air, the
temperature of the internal surface of the enclosure (3) and the heat flow (2) for the calculated
day

4 Comparison of Theoretical Calculation Results
and Experimental Data

To compare the theoretical and experimental studies, the dynamic parameters were
calculated during the day with the initial data according to the measured values
(Tables 1 and 2).

A comparison of the measured and calculated parameters is shown in the graph
in Fig. 2. The result of statistical processing of the values measured in experimental
conditions allows to accept them for the subsequent comparison with the calculated
data (Fig. 3).

Table 1 Initial data for calculating dynamic parameters

Layer name Thermal
conductivity
[W/m.K]

Gross
density
[kg/m3]

Spec. heat
capacity C
[J/kg.K]

Heat
absorption
coefficient s,
[W/(m2•K)]

Layer
thickness d
[m]

R
[m2K/W]

Rsi 0,13

Plaster 0,810 1600,0 840 9,76 0,0200 0,025

Brickwork 0,810 1800,0 880 10,12 0,5100 0,630

Rse 0,04

U-value: 1,2131 W/m2K

Total
thickness:

0,530 m
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Table 2 The result of the theoretical calculation of dynamic parameters

№ Name quantities Value Units

1 External thermal admittance: 7,418 W/(m2K)

2 Time shift external side: 2,19 h

3 Internal thermal admittance: 4,563 W/(m2K)

4 Time shift internal side: 1,31 h

5 Periodic thermal transmittance: 0,082 W/(m2K)

6 Time shift periodic thermal transmittance: −16,48 h

7 External areal heat capacity: 101,809 kJ/(m2K)

8 Internal areal heat capacity 62,811 kJ/(m2K)

9 Decrement factor f: 0,068

-60,0

-40,0

-20,0

0,0

20,0

40,0

60,0

80,0

0,0

5,0

10,0

15,0

20,0

25,0

30,0

35,0

40,0

45,0

19:07 1:45 8:23 15:00 21:40 4:20 11:00 21:00 3:40 10:20 17:00 23:40 4:44 8:44
He

at
-fl

ux
 d

en
sit

y 
[W

/m
²]

Тe
m

pe
ra

tu
re

[°
C]

W
AL

L 

Fig. 2 The result of the theoretical calculation of the dynamic parameters of the wall
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Fig. 3 The result of the calculation (2) and measurement (1) of the temperature on the inner surface
of the wall during the day
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The method for determining the coefficient of heat assimilation of the surface of
the fenceY, set forth in theUkrainian building codes, based on the theory of Professor
Vlasov.

The coefficient of heat absorption of the material of the fence S characterizes its
ability to perceive heat when the temperature on the surface fluctuates. The value of
this coefficient depending on the thermophysical properties of the material (λ, c, ρ)
and the cyclic frequency of temperature fluctuations w = 2 π / Z:

S24 =
√

2 · π · λ · c · ρ

Z
. (6)

where λ is the coefficient of thermal conductivity, W/(m · K); s - heat capacity,
J/(kg · K); ρ - material density, kg/m3.

It is obvious that the coefficient S in a given design time period T depends only on
the properties of the material, therefore it can be considered a physical characteristic
of the material of the fence.

Usually, in the thermal engineering calculations of fences, in addition to the floor,
the oscillation period T = 24 h is taken, then S24 = 0, 51

√
λ × c × ρ.

Calculation of Yvn begins with determining the conditional thickness of the first
layer, starting the numbering of layers from the inner surface of the fence.

a) when the inner layer of the enclosing structure has thermal inertia D ≥ 1, then

b) if the thermal inertia of the first layer of the enclosing structure D < 1, and the
first and second layers of the structure D1 + D2 ≥ 1, then the heat absorption
coefficient of the inner surface is calculated by the formula

(7)

where R1, s1, s2 - thermal resistance and coefficient of heat absorption, respec-
tively, of the first and second layers;

To compare the two methods, a calculation was performed with the same initial
data.

The calculation results according toUkrainian regulatory documents are presented
in Table 3.

Table 3 Calculation of thermal inertia of each layer of the structure

Layer number Designation Value Calculation

1 D1 1,861 D1 = R1s1 = 0,025·9,76 = 0,244

2 D2 0,85 D2 = R2s2 = 0,63·10,12 = 6,376
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The thermal inertia of the first layer of the enclosing structure D < 1, and the first
and second layers of the structure D1 + D2 ≥ 1, so the heat transfer coefficient of
the inner surface is calculated by formula (7) and is: Yvn = 9, 98W/m2 · K

Coefficient of heat absorption Bj by the inner surface of the j-th opaque enclosing
structure of the room is 4,65 W/m2K.

5 Conclusions

The calculation results according to the UNE-EN ISO 13,786 and DSTU-N BV.2.6–
190:2013 methods give values that characterize various physical phenomena in the
structure. Therefore, they cannot be compared. But theUNE-EN ISO13,786method-
ology more accurately allows you to study the dynamic thermal characteristics, and
use the obtained parameters in calculating the energy efficiency of the building as
a whole. At the same time, the Ukrainian calculation method allows only checking
compliance with the requirements of DBN V.2.6–31 [17], in terms of heat resis-
tance in summer operating conditions of enclosing structures. In addition, the given
requirements require revision in connection with changes in climatic parameters and
increased requirements for thermal protection of buildings.
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Flexural Strength of Steel-Reinforced
Concrete Composite Structural Span
Elements

Tatiana Galinska , Dmytro Ovsii , and Alexandra Ovsii

Abstract The analytical model of calculation of flexural strength of steel-reinforced
concrete composite truss (structural) running elements is proposed in the work. This
model makes it possible to calculate the strength of the calculated sections of truss
run elements taking into account their stress–strain state at the time of maximum
bearing capacity. Comparison of experimental test data of steel-reinforced concrete
truss beams and elements, which were performed by scientists of the world, with
theoretical calculations of the proposed model confirmed the possibility of its use in
the practice of their design. The following analytical dependencies can be used to
solve twopractical problems: checking theflexural strength anddesigning the optimal
cross sections of structural trusses of steel-reinforced concrete running elements.

Keywords Steel-reinforced concrete · Composite · Structural span elements ·
Flexural strength

1 Introduction

Steel-reinforced concrete structural constructions in the formof spatial truss elements
with an upper reinforced concrete slab or beam are most used in the construction of
bridge crossings and span structures of a coating of considerable length.

Examples of the use of steel-reinforced concrete composite truss structures in
bridges are given by K. Flaga and K. Furtak in [1] and Jose J. Oliveira Pedro et al.
in [2, 3]. A survey analysis of the evolution of the construction of composite truss
bridges, which was carried out by a group of scientists led by L. Yongjian in [4, 5],
showed the economic efficiency of their construction.

At the same time, despite the widespread use of composite truss bridges in
construction practice, generalized norms and standards for their design are absent in
most leading countries of the world, as noted by A. Sharma, P.K.Singh, K.K. Pathak
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in [6]. Therefore, today there is a need to develop and improve a practical method-
ology for calculating the bending strength of steel–concrete truss elements, which
are structural components of composite bridges and spans of considerable lengths.

The goal of research is to develop the general procedure and analytical depen-
dencies of the calculation of the flexural strength of steel-reinforced concrete (SRC)
composite structural span elements (CSSE), depending on the stress–strain state of
their design section at the breaking moment.

The scientific developments of the authors of the article are associated with their
preliminary studies, which are set out in the works [7, 8, 9], and are also a further
development of the research of leading scientists Piskunov V. [10, 11], Pavlikov A.
& Kochkarev D. [12, 13, 19], Storozhenko L. [14, 15], Semko O. [16] with their
co-authors.

2 Analytical Model of Calculation of the Flexural Strength
of SRC CSSE

The analytical model for the calculation of the flexural strength of steel-reinforced
concrete (SRC) composite structural span elements (CSSE) is the continuation of the
authors’ scientific research results aimed to improve their calculation procedure. The
main theoretical methodological prerequisites for the calculation of the SRC CSSE
have been previously developed by the authors in the following academic papers
[17, 18].

In order towork out the analytical model for the calculation of the flexural strength
of steel-reinforced concrete (SRC) composite structural span elements (CSSE) we
have defined the following prerequisites:

• strain distribution in section at plastic (Composite-PSD) or elastic–plastic
(Composite-SC) stages is carried out jointly by linear dependencies. The steel
profile in the section of SRC truss elements has rigid vertical or inclined
connections with the top concrete slab;

• the criterion for the limit state at the breaking moment of the design section
of the SRC CSSE is the extremum criterion for achieving deformations of the
compressive zone of the concrete with the limit value εcu , at which the flexural
strength of MRb elements will be maximum:
case a: MplRb(εcu, εa > εau) = max– is the plastic stage of destruction of SRC
CSSE (Composite-PSD);
case b: MRb(εcu, εa = εau) = max– boundary stage of destruction of SRC CSSE
– the border set between plastic stage (Composite-PSD) and elastic–plastic stage
of destruction (Composite-SC);
case c: MRb(εcu, εa < εau) = max– elastic–plastic stage of destruction of SRC
CSSE (Composite-SS);
The extremum criterion for the destruction of MRb(εcu, εa = εau) = max
was formulated similarly to the criterion N (εcu, εs = εsu) = max , which was
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recommended by Mitrofanov V.P. in article [20] in order to calculate optimal
compression RC elements (Fig. 1).

• the effort Nc in the compression area of the SRC CSSE’s cross-section is deter-
mined by mathematical relations, proposed by the scientists James K. Wight and
James G. Macgregor and is now the basis for calculating the flexural strength of
RC beams in Eurocode 2 [21] and SRC beams in Eurocode 4 [22];

• the analysis of cross sections of SRC truss elements revealed that most part
of cross-sections can be corrected to generalized characteristic design sections,
which will be reduced to their vertical axis. The steel profile in the cross section of
the SRC truss elements can be in the form of an I-beam (a), a rectangle (a square)
(b) or a circular pipe (c). This steel profile can be arranged in conjunction or at
some distance from the top concrete cap.

• typological analysis of cross sections of SRC truss elements has showed that
all their cross-sections for generalization of the calculation methodology for the
flexural strength of SRCCSSE can be transformed to one deduced design section.
The transformed design cross section of the SRC CSSE consists of a top concrete
slab and an I- girder (steel profile) (Fig. 2);

• as a result of the generalization, we have selected four isolated cases of strain–
stress state of the design section of the SRC CSSE at determining the flexural
strength (Fig. 3). Differentiation of cases of the SRCCSSE’s limit state depending

Fig. 1 Typological series of characteristic design sections of SRC truss elements
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Fig. 2 The overall transformed cross section of the SRC CSSE

Fig. 3 Cases of the limit stress–strain state of the SRC CSSE’s design transformed cross section
at determining their flexural strength
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on the position of the neutral axis in their section allows us to work out a stepwise
algorithm of the analytical calculation model of their flexural strength and to
obtain the basic calculated correspondences.

2.1 The algorithm for SRC CSSE’s Flexural Strength
Calculation

The purpose of the mathematical method of design of the SRC CSSE’s flexural
strength is to determine the limit value of the bending beam moment MRb, which
takes up its design section, and to compare it with the external moment M from the
load action: MRb ≥ M or MplRb ≥ M .

The succession of determining the SRC CSSE’s flexural strength according to
the proposed mathematical method of design (analytical method of calculation) is
shown in the block diagram (Fig. 4).

At the first stage of calculation the flexural strength of the SRC CSSE at present
parameters, dimensions of the design section and strength of the composites (εcu ,
εau, EC , Ea, fcd , fy . AC, Aa and hw are calculated using Eqs. (1), (2) and (3)), we
will find the following:

AC = B f · T f (1)

Aa = 2 · t f · b f + hw · tw (2)

hw = ha − 2 · t f (3)

• the result of the product aa · μ Eq. (4) and the value of internal forces Ncf Eq. (5)
and Npl,a Eq. (6):

Ncf = 0, 85 · fcd · B f · T f (4)

Npl,a = Aa · fy (5)

aa · μ = Ea · Aa/(EC · AC) (6)

• let us check the constraint:

aa · μ ≥ aa · μonm,

where aa · μonm is the optimal value of the product, at which the maximum flexural
strength will be equal to the mathematical relation: MRb(εcu, εa = εau) = max ,
when the deformations in the extreme fiber of the compressive zone of the concrete
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Fig. 4 The block diagram of the succession of determining the SRC CSSE’s flexural strength

reach the value εC = εcu , and in the steel segment they reach the value εa = εau .
The values of the product quantities aa ·μonm can be determined from the data in the
tables given in the authors’ research works [7, 8], or using the mathematical relations
given in Eqs. (7), (8), (9), (10) and (11):

aa = Ea/EC (7)

μonm = [2 · �Z · �ε · (1 + �h) − �ε − 1]/{aa · [2 · �Z · (1 + �h) − �h · (1 + �ε)]}
(8)

�Z = Za/
(
T f + ha/2

)
(9)

�ε = εu/εau (10)
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�h = ha/T f (11)

At the second stage of calculation, we determine the possibility of the arrangement
of the neutral horizontal axis of the section at the height (T f ) of the concrete slab on
exposure to the external moment (M), under the following condition:

Ncf > Npl,a .

If the condition Ncf > Npl,a , is satisfied, then the neutral horizontal axis of the
element’s section falls within the limits of the height of the top concrete cap T f .
Next, we determine the height of the compressive zone of the concrete (xC ) and
the value of the bending beam moment (MRd ) for the SRC CSSE’s design section in
strain–stress state in cases 1a or 1b, c (Fig. 3) according to themathematical relations,
stated below in Table 1.

At the third stage of calculation, under condition Ncf < Npl,a , we determine in
the design section of the SRC CSSE the value YB (height) from the upper fiber under
compression to the neutral axis and compare it with the condition:

YB ≤ h − ha .

Table 1. Analytical dependences of the calculation of flexural strength MRd of the SRC CSSE
depending on the case of strain–stress state of their design section

(continued)
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Table 1. (continued)

(continued)
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Table 1. (continued)

(continued)
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Table 1. (continued)

If the conditions Ncf < Npl,a , and are satisfied, then the neutral horizontal axis
of the element’s section falls within the limits of the difference of the heights of.
Next, we determine the height of the compressive zone of the concrete (YB) and the
value of the bending beam moment (MRd ) for the design section of the SRC CSSE
in the strain–stress state in cases 2a or 2b,c (Fig. 3) according to the mathematical
relations, stated above in Table 1.

At the fourth stage of calculation, when the value (height) YB ≤ h − ha , the
value of the bending beammoment (MRd ) for the design section of the SRC CSSE is
determined in the strain–stress state in cases 3a or 3b,c (Fig. 4), 4a or 4b,c according
to the mathematical relations, stated above in Table 1.

The value of flexural strength (MRd ) of the design section of the SRC CSSE is
compared with the value of the torque from external forces (M). The strength of the
SRC CSSE section will be ensured with the requirement that:
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MRd ≥ M.

If the condition of the SRC CSSE’s flexural strength is not satisfied, then it is
necessary to increase the size of their design section and to take the materials of their
components with larger values of strength characteristics (shear properties), and then
to do the calculation again.

2.2 Analytical Dependences of SRC CSSE’s Flexural
Strength Depending on the Case of Strain–Stress State
of the Design Section at the Breaking Moment

Analytical dependences of calculation flexural strength of steel-reinforced concrete
(SRC) composite structural span elements (CSSE), depending on the case of strain–
stress state of their design section at the breaking are shown in Table 1.

3 Comparisons between Experimental and Analytical
Results of Bending Strength Calculation SRC CSSE

In order to compare the proposed analytical model of calculation of flexural strength
of SRC CSSE, we have used the results of experimental studies of national and
foreign scientists, such as: T. P. Kuch (specimens of beams B-1, B-2–1, B-2–2-1, B-
2–3, B-3–1, B-3–2-1, B-3–3) [23]; F. S Shkoliar (specimens of beams B-1.1, B-1.2,
B-2.1, B-2.2, B-3.1,) [24]; L. Luo (Lisheng Luo) (specimens of beams B-1… B-3)
[25]; J. Bujnak (a specimen beam without marking) [26].

When comparing the results, we have determined arithmetic mean (X ), root-
mean-square deviation (σn−1) and coefficient of variation (ν).

The comparisons of experimental results (Mtest ) and analytical findings of the
calculation of flexural strength of SRC truss elements (Mcalc) are given in Table 2.

Comparison of experimental and theoretical strength values of 16 specimens of
reinforced concrete truss beams, which components are bond, leads to the following
statistical indicators:

– for partial factors for concrete γC = 1, 0 and for material property, also
accounting for model uncertainties and dimensional variations γM = 1, 0-
X = 1, 094; σn−1 = 0, 006; ν = 0, 52%;

– for partial factors for concrete γC > 1, 0 and for material property, also
accounting for model uncertainties and dimensional variations γM > 1, 0-
X = 1, 261; σn−1 = 0, 014; ν = 1, 13%.
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Table 2 Comparison of experimental bending moments with theoretical meanings

№ Author Specimen Mtest

kNm
Mcalk

γ=1,0 kNm Mtest

Mcalk
γ=1,0

Mcalk
γ>1,0 kNm Mtest

Mcalk
γ>1,0

1 T. Kuch B-1 38,5 37,0 1,04 33,7 1,14

2 B-2–1 27,8 27,3 1,02 25,5 1,09

3 B-2–2-1 28,3 27,8 1,02 26,1 1,08

4 B-2–3 29,8 28,1 1,06 26,5 1,12

5 B-3–1 46,5 45,0 1,03 38,8 1,20

6 B-3–2-1 50,3 46,5 1,09 40,6 1,23

7 B-3–3 52,0 47,4 1,10 41,9 1,24

8 F. Shkoliar B-1.1 33,0 31,8 1,04 26,2 1,26

9 B-1.2 32,0 31,8 1,01 26,2 1,22

10 B-2.1 21,0 17,5 1,20 15,1 1,39

11 B-2.2 20,0 17,5 1,14 15,1 1,32

12 B-3.1 30,5 25,5 1,19 21,2 1,43

13 L. Luo B-1 385,6 364,6 1,06 300,6 1,28

14 B-2 405,9 364,6 1,11 300,6 1,35

15 B-3 408,7 364,6 1,12 300,6 1,36

16 J. Bujnak - 357,8 281,9 1,27 243,4 1,47

4 Conclusions

The algorithms and analytical dependences of the method for calculating the flex-
ural strength of steel-reinforced concrete (SRC) composite structural span elements
(CSSE) are presented in the academic paper. Comparative analysis of the experi-
mental findings with theoretical calculations of flexural strength of SRC CSSE has
showed their adequate convergence, which allows to apply the proposed analytical
dependencies in the design practice.

Further scientific research in this area will be aimed at improvement of the
proposed method for calculating the SRC CSSE and its comparison with a wider
range of experimental studies of the elements.
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Preparation Technique of Experimental
Specimens of Steel and Concrete
Composite Slabs

Leonid Storozhenko , Grygorii Gasii , Myron Hohol ,
and Olena Hasii

Abstract The composite frames are used widely as the roof system for different
buildings or structures as well as covering spaces as a shell. The technique of exper-
imental investigation of steel and concrete composite space frames (SCCS frame) is
compiled because it is a novel type of structure and has not sufficiently behavior inves-
tigated yet. The current investigation is aimed at prefabrication technique description.
This research is a complete study of prefabrication techniques and also the strength
of materials for making prototypes of the SCCS frame, which consist of steel lattice
and steel and concrete composite slab (SCC slab) as well as include top and bottom
chords. The research includes testing specimens of the concrete cubes and prism and
reinforcement bars. It has long been known that concrete is often and widely used for
slabs and surfaces in compression or bending. However, the SCC slab has another
way of reinforcement than an ordinary reinforced concrete slab.

Keywords Steel · Concrete · Slab · Stress · Strain

1 Introduction

Currently, SCC structures are the widespread structure types all over the world. The
SCC structures are used in various fields of building [5, 10].

This is why the investigation of the SCC structures is an important issue. The
SCC slabs are a part of the SCCS frames [26]. The SCCS frame is the novel type of
roof system that was designed and was patented recently. The SCCS frames consist
of steel lattice and SCC slab as well as include top and bottom chords. The SCCS
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frame has the design as shown in [26]. The SCC slab plays the role of the top chord.
It delivers bearing and shielding roles. The SCCS frames are used as the roof of civil
and industrial buildings or structures or covering large areas as a shell.

The experimental investigating technique of SCCS frames was compiled because
of its are a novel type of structure and has not yet sufficiently behavior investigated
but the current investigation is aimed for prefabrication technique describe.

So, the purpose of this research is a complete the study of prefabrication technique
and also the strength of materials for making samples. The research includes testing
specimens of the reinforcement bars, concrete cubes as well as concrete prisms.

2 Method

The methods of experimental research, as well as theoretical research, taking into
account previous research [2, 3, 5, 8, 9, 11, 13–36], are used in this study. To study
the mechanical properties of materials, standard and generally accepted methods are
used [4] etc.

3 Results and Discussions

3.1 The Size and Design of Experimental Specimens
of the SCC Slabs

Tomaking theSCCslab is used concrete because it has suitablemechanical properties
for this structure type [25]. It has long been known that concrete is often and widely
used for slabs and shells in compression or bending [19]. Nevertheless, the SCC slab
has another way of reinforcement than an ordinary reinforced concrete slab [12].
Ordinary reinforced concrete slabs include reinforcement mesh that is made of steel
bars that caused a significant cross-section height and total weight. Those are not
suitable options for space surfaces.

That is why the SCC slabs are reinforced with meshes that are made from steel
wire instead of steel bars. This method of reinforcement allows getting sufficiently
homogeneous material.

Nevertheless, it caused a significant flexible thin-walled structure. That is why
the SCC slab has ribs for providing rigidity. These ribs are reinforced with a few
steel bars. To explorer, the stress-strained state of the SCC slab was manufactured
experimental specimens (Fig. 1a).

Experimental specimens of the SCC slabs have a square shape with a side length
of 1000 mm and slab thickness of 20 mm and rib height of 50 mm.
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3.2 Materials of Experimental Specimens of SCC Slabs

To making the SCC slab are used steel wire meshes and a concrete mixture. There
is the composition of material for concrete mixture in Table 1.

Concrete mixture was produced with concrete mixer CM-250 in the industrial
department (Fig. 1b).

The steel wire meshes were made of steel wire 0.9 mm in diameter and cell size
12 mm (Fig. 2).

Steel bars 6 mm in diameter are used for reinforcement of ribs.
To prevent plain bars under tension from slipping in concrete solid, both ends

of the bar are bent. In addition, reinforcement should be bent due to the design
requirement.

The detailing of the bent segments is listed in design codes or acceptance
specifications for construction quality.

Figure 2 illustrates bent segments that are used in the SCC slabs [6]. Figure 3
shows the dimensions and reinforcement scheme of SCC slabs.

Table 1 Quantities of
materials per cubic meter of
the concrete mixture

Material Portland cement Fine aggregates
(sand) 1.1 mm

Water

Mixture
proportions

1 1.75 0.4

Mass of material,
kg

700 1225 280

Fig. 1 The SCC slabs a and Concrete mixer CM-250 b
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Fig. 2 Fragment of the welded wire mesh with cell size 12 mm a and Bent steel bar b

Fig. 3 Dimensions (mm) and reinforcement layout

3.3 Mechanical Properties of Materials for Experimental
Specimens of SCC Slabs

The concrete strength depends on the quality of the concrete mixture, water-cement
ratio, cement strength, etc. [1, 7]. Test cubes of 150mm for obtaining the compressive
strength of concrete were carried out.
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In Ukraine as in all over the world, the cube strength is used as the main index of
concrete strength.

A compression test of concrete cubes is an easy way to obtain concrete strength.
On top of that, the strength is measured is quite accurate.

Moulds are used to making concrete cubes. No voids must be in the concrete
mixture during the moulds are filled. A vibrating table to concrete mixture
compaction in moulds was used.

The load-carrying capacity of the table is about 300 kg. All cubes moulds that
were filled simultaneously were accommodated on the vibrating table. The vibration
was adjusted to 2000 vibrations per minute.

The concrete cubes are taken out from moulds after 24 h and for curing, it put in
water. The concrete cubes are tested after 28 days of curing. For the test are used the
compression testing machine PG-125.

To fail the concrete cubes, the load is applied gradually 130 kg/cm2 per minute.
The compressive strength of concrete is obtained according to [4]. The average

value of the mechanical properties of concrete cubes is 17.86 MPa.
The concrete prisms to determine the prism strength are tested.
Concrete prisms were manufactured by the same technique as concrete cubes

are used, except moulds. Before, prisms testing on side surfaces had been set strain
gauges. Strain gauges set on the side surfaces of prisms with clue BF-2.

The average value of the mechanical properties of concrete prisms is 16.30 MPa.
The stress–strain curves based on the testing results are mapped (Fig. 4).

Reinforcement strength was obtained by tests of specimens of 600 mm length
with press PM-500.

However, the strengths of different specimens, despite that they were of the same
type, were different. It was due to the inherent variability of reinforcement materials.
The stress–strain curves of steel bars, which were used for reinforcing experimental
specimens of SCC slabs, were obtained from tension tests, in which the loads are
monotonically applied without any unloading until the bars fail in a short time.

Fig. 4 The stress–strain curves for concrete prisms



152 L. Storozhenko et al.

Fig. 5 Timber moulds for
slab manufacture

Therefore, measured strength with a certain degree of confidence was taken as the
strength of reinforcement. The degree of confidence is more than 95%. The average
strength is 279.74 MPa.

3.4 Preparation of Experimental Specimens of SCC Slabs

For experimental specimens preparationwas used timbermoulds (Fig. 5). Preparation
of experimental specimens of SCC slabs includes 4 steps. The first step was to set
moulds on a vibrating table. Then were put reinforcement bars and welded wire
meshes in mould and concreting.

4 Conclusions

The fabrication technique of experimental specimens of steel and concrete composite
slabs is described. The mechanical properties of materials are obtained by testing.
The strengths of concrete and steel bars are determined. The average value of the
mechanical properties of concrete cubes is 17.86 MPa. The failure load N is from
384 to 430 kN. The average value of the mechanical properties of concrete prisms
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is 16.30 MPa. The failure load N is from 331 to 427 kN. The average strength
of the reinforcement is 279.74 MPa. This strength is sufficient for the structures
under study. thus, the proposed technology for the production of concrete mix is
acceptable. It allows you to get a durable material. This also applies to fittings. The
adopted reinforcement provides the necessary rigidity and strength of the slab ribs.
The technology of concreting samples is quite simple to manufacture and does not
require special equipment, which makes it cost-effective.
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Calculation of a Compressed Reinforced
Concrete Element with a Circular Cross
Section Using a Three-Line Concrete
Compression Scheme

Ulviye Hajiyeva Mukhlis kizi

Abstract The application of a nonlinear deformation model allows the maximum
use of the ultimate strength of materials. In addition, only on the basis of such
models that reflect reality as much as possible, it is possible to correctly evaluate
the deformation solutions of a reinforced concrete element. The article develops
an effective numerical engineering method for calculating compressed reinforced
concrete elements of circular cross-section, which has been studied much less than
traditional rectangular cross-sections. When constructing the proposed calculation
method, it is assumed that the hypothesis of flat sections becomes true for such a
complex cross-section, when cracks occur in the zones of stretching of the reinforced
concrete element. For the most sharpened section by approximation of curved axis
of the centrifugal compressed element axis sinus is also formulated the equations
of equilibrium deformations of the shaft and ultimately the solution of the problem
is reduced to solving a system of nonlinear algebraic equations taking into account
deformation of the compressible edge of the cross section and the relative height of
compression zone of the cross section. On the basis of the article, a three-line curves
numerically with any accuracy determines the parameters characterizing the state of
tensile deformation by increasing the strain values in all changes of deformation with
defined steps. The load capacity of the compressible element is determined based on
the “load-bending” graph, constructed numerically for the compressible element.

Keywords Nonlinear deformation model · Eccentricity · Tension · Deformation ·
Load-bending graph · Three-line diagram

1 Introduction

When developing methods for calculating elements of construction structures, pref-
erence is given to methods based on real nonlinear schemes of materials because,
only on the basis of these types of techniques, along with creating conditions for
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maximum use of the strength resources of materials, it is possible to more reli-
ably and accurately determine the cases of tension deformation formed in struc-
tural elements under the influence of external loads. Modern building norms suggest
the development of methods for solving the calculation of compressed reinforced
concrete elements by approximating a curved diagram of deformation under short-
term static loads of concrete with a three-line diagram. In the modern scientific
literature, simpler cross-sectional shapes are usually studied. However, in construc-
tion practice, columns with a circular cross-section are also widely used. That is why
the development of a method for determining the strain under tension and the load
capacity under centrifugal compression of these elements is of great theoretical and
practical importance. An effective numerical method for determining the state of
strain under tension and the load-bearing capacity of reinforced concrete elements
of circular cross-section compressed during concrete compression using a three-line
deformation diagram is developed.

2 Main Part

2.1 Purpose of the Article

Themain goal is to develop an effective method of engineering calculations based on
a nonlinear deformation model for determining the strain state of tension and load-
bearing capacity with an arbitrary assessment of the eccentricity of flexibility and
compression force of round transversely compressed reinforced concrete elements
used as columns in construction practice. When constructing the solution method, a
three-line scheme of concrete deformation under tension was used, and a two-line
scheme of reinforcement was used. The goal was the numerical construction of the
load-bending diagram,which plays an important role in determining the load-bearing
capacity for load-bearing elements.

2.2 Research Methodology

Having accepted the hypothesis of flat cross-sections for a reinforced concrete
element, in the tension zone of which cracks have formed, applying a three-line
diagram of concrete in compression and two-line compression and tension rein-
forcement, he distribution of normal stress on the cross section depending on the
deformation of the compressible edge of the cross section and the relative height
of compression zone is determined, and then the inclined axis of the compress-
ible shaft with a sinusoidal semi-axis is approximated and the value of the maximum
bending of the shaft is expressed by the same parameter. On the basis of the deformed
scheme of the compressed shaft, the deformation equations for the most tensed
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section are compiled. The obtained nonlinear systems of equations are interpreted
in the numerical solution algorithm taking into account the above parameters. The
proposed numerical method is based on the fact that the parameters characterizing
the state of the tensile strain and the load capacity of the compressible shaft are
determined on the basis of the “load-bending” diagram.

2.3 Results

The complete scheme of concrete under compression is expressed by the fractional-
rational Sargi diagram according to the Eurocode proposal: [1–4, 7–9]:

σb = Rb ·
k · εb

εR
−

(
εb
εR

)2

1 + (k − 2) · εb
εR

(1)

Eurocod also allows you to use a three-line diagram instead of this diagram, which
is defined as follows [4, 5].

In this diagram σA = 0, 6 · Rb, σB = Rb, εA = 0,6·Rb
Eb

, εB = 0, 002 = εR ,
εC = 0, 0035 = εb, ult .

Obviously, the analytical expression of the above diagram is written as follows
(Fig. 1):

σb =

⎧⎪⎨
⎪⎩

σA
εA

· εb ; when 0 ≤ εb ≤ εA

σA + σB − σA
εB − εA

· (εb − εA) ; when εA ≤ εb ≤ εB

σB ; when εB ≤ εb ≤ εC

(2)

Taking into account the correctness of the hypothesis of flat sections for any
load step for an element with a circular cross-section and designating the value of

Fig. 1 Three-line diagram
of concrete compression
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deformation along the edge of the compressible face εb and the relative height of the
compressible face of the section ξ = x

R , we can write down the dependence of the
height of the deformation on the change along the height of the section z = z

R ,
R- the is the radius of the cross-section. Taking this into account in (2), we obtain a
dependence expressing the law of variation of the normal strains formed in concrete
over the section, along the section height from the deformation value at the edge of
the compressible face and the relative height of the section compression zone:

σbz = Rb ·

⎧⎪⎪⎨
⎪⎪⎩

σ A
εA

· εb
ξ · (z + ξ − 1) ; when 0 ≤ εb ≤ εA

σ A + σ B − σ A
εB − εA

·
(

εb
ξ · (z + ξ − 1) − εA

)
; when εA ≤ εb ≤ εB

σ B ; when εB ≤ εb ≤ εC

In this equation, the values of characteristic stresses expressed in portions of the
compressive strength of concrete σi = σ i · Rb were used. Then, based on the
corresponding formulas of the resistance of the materials for the normal force and
torque that these stresses form in the cross section, it can be written that,

Nb =
∫

Ab

σbz · d A = 2Rb · R2 ·
1∫

q(ξ)

σ bz(εb, ξ) ·
√
1 − z2dz = Rb · R2 · N∗(εb, ξ) (3)

Mb =
∫

Ab

σbz · z · d A = 2Rb · R3 ·
1∫

q(ξ)

σ bz(εb, ξ) · z ·
√
1 − z2dz

= Rb · R3 · M∗(εb, ξ)

(4)

In the above equations q(ξ) =
{− 1 ; when ξ ≥ 2
1 − ξ ; when 0 < ξ < 2

Let’s assume that the armature shafts are distributed according to the specified
law on the cross section and express the deformation εb and ξ parameters of each
armature on the basis of the hypothesis of flat cross sections. For an arbitrary fixture

εs j = εb
ξ

·
(

Rsj

R · sin φs j + ξ − 1
)
, then it can be written for the tension that arises

in the armatue which is physical stream pitch,

σs j =

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

Esj · εb
ξ

·
(

Rsj

R · sin φs j + ξ − 1
)

;
when

∣∣∣ εb
ξ

·
(

Rsj

R · sin φs j + ξ − 1
) ∣∣∣ ≤ εs,ax

Rs j · sign(
εs j

); when
∣∣∣ εb

ξ
·
(

Rsj

R · sin φs j + ξ − 1
) ∣∣∣ > εs,ax

(5)

Once the strains that occur on the armature shafts are known, we can write down
the following known equations for the normal force and torque that occur in the cross
section, due to the armature shafts:
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Ns = Rs · As ·
n∑

j = 1

σ s j · Asj ; Ms = Rs · As · R ·
n∑

j = 1

σ s j · Asj · Rsj · sin ϕs j

(6)

Approximating the curved axis of the compressed shaft with the semi-axis of the
sinus [4, 6], we can

f0 = f

R
= ϑ0 · εb

ξ
ϑ0 = l20

π2 · R2

express the maximum bend with parameters εb and ξ :, where, l0 is the calculated
length of the compressed shaft. We write down the equllibrium equations for the
most strained section, taking into account these:

N∗(εb, ξ) + λs ·
n∑

j = 1

σ s j · Asj = P0 (7)

M∗(εb, ξ) + λs

n∑
j = 1

σ s j · Asj · Rsj · sin φs j = P0 · (e0 + f0) (8)

In these equations λs = Rs · As

Rb · R2
, P0 = P

Rb · R2
, e0 = e

R
(9)

1–e0 = 0, 05; 2–e0 = 0, 1; 3–e0 = 0, 5; 4–e0 = 0, 8
From these equations, by calculating the compression force parameter, we obtain

an equality in terms of elements that creates a relationship between the value of
deformation on the compression face and the relative height of the compression zone
of the cross-section:

M∗(εb, ξ) + λs

n∑
j = 1

σ s j · Asj · Rsj · sin φs j

−
⎡
⎣N∗(εb, ξ) + λs ·

n∑
j = 1

σ s j · Asj

⎤
⎦ · (e0 + f0) = 0

(10)

Since the interval of variation of the strain is obvious, changing it with a certain
step, for each accepted strain estimate, it is possible to determine the relative height
of the compressible cross-section zone corresponding to the accepted strain estimate
from (10), the force parameter based on equality (9) and, finally, the strain on the
reinforcement shafts based on equality (5). To perform calculations based on the
above formulas, a corresponding software module was developed in the algorithmic
language ABC Turbo Pascal, using this software module, numerical experiments
were carried out and the letters “load-slope” for various values of eccentricity were
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Fig. 2 Graphics “load-bending” of the centrifugal compression shaft

constructed in Fig. 2, while the element whose ends are hinged (rs = 18 sm, and
R = 20 sm, Rb = 11, 5 MPa) is reinforced with 12 ∅ 12 reinforcement with a
regular distribution over the cross section. The downward arm is also implemented
in this diagram, while the real strain diagram is replaced by a three-line diagram, as
seen in this diagram.

2.4 Scientific Novelty

A numerical method for determining the parameters and the “load-bending” diagram
that characterize the state of deformation of a deformable multilayer reinforced
concrete element of circular cross-section operating on centrifugal compression is
developed, and its effectiveness is proved by numerical examples.

2.5 Practical Importance

Developed numerical method is of great practical importance, as it allows to deter-
mine the parameters characterizing the deformation of a tension round a broadband
compressed reinforced concrete element, and a load element for an arbitrary estimate
of the eccentricity of the force and flexibility of the shaft. On the basis of the devel-
oped methodology, conditions are created for the compilation of semi-automatic
expressions for approximate engineering calculations.
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3 Conclusions

The load-bearing capacity of reinforced concrete elements for eccentric compression
is often expressed in terms of its value determined on the basis of the “load-bearing”
schedule, depending on the value of flexibility, and it is important to apply this
calculation method to the calculation of reinforced concrete elements.
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Structural—Parametric Synthesis
of Steel Combined Trusses

Myron Hohol , Grygorii Gasii , Volodymyr Pents ,
and Dmytro Sydorak

Abstract The aim of the research is structural—parametric synthesis of steel
combined trusses with a span of 30 m according to the criteria of minimum mass
and potential energy. It is shown that the bearing capacity of the structure is used
most fully when using the criterion of rational design for strength. It is shown that
the largest reserves of regulation of the stress deformation state and improvement
of structural forms are hidden in the combined structures. The use of combined
trusses instead of traditional ones makes it possible to achieve the greatest savings
in metal, reducing the complexity of manufacturing and reducing installation time.
It is confirmed that the rational, technological structure of the steel combined truss
with a span of 30 m, which has a minimum cost of materials, minimum labor and
time for its manufacture, there will be a truss 2 m high with six panels of the upper
belt. The rational, on a steel expense, angle of inclination of racks of steel combined
trusses in the range 78–82° is defined.

Keywords Combined truss · Rational truss · Stress deformation state · Weight ·
Upper belt panel · Rational angle

1 Introduction

Improvement and development of new progressive structural forms of light steel
structures of coatings in order to increase their efficiency and ensure competitiveness
compared to foreign counterparts, is becoming increasingly important. These include
various combined systems. Analysis of existing design and construction experience
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shows that compared to traditional beam and frame structures, combined systems
have a number of advantages [5, 11, 18].

The weight of buildings can be reduced up to five times compared to reinforced
concrete, metal consumption up to three times due to the use of light steel structures,
increase labor productivity by 1.5–2 times, and reduce construction time by 30–
60% [13]. The reduction in the weight of the combined structures, depending on the
materials used, can reach up to 83% [6].

Therefore, parametric study of combined steel trusses, which will provide a
rational topology and assessment of their economic efficiency is currently an urgent
problem.

Of particular importance is the task of their rational calculation and design.
Rational design, which, in contrast to the optimal, does not involve the existence
of any target functionality, and is expressed in the heuristic requirements for the
stress deformation state (SDS) of the structure (uniformity, uniform stress, maximum
rigidity, or minimum mass), which guarantees the improvement of its qualities by
the most natural criterion of rational design for strength. The load-bearing capacity
of the structure is used most fully.

The aim of the article is structural—parametric synthesis, topology research for
design of rational (with high technical and economic indicators) steel combined
trusses with a span of 30 m according to the criteria of minimum mass and potential
energy, improvement of their constructive forms and comparison of efficiency in
comparison with typical. The objectives of the study are: (a) determine the rational:
the number of panels of the combined truss and the angle of the racks; (b) to investigate
the stress deformation state of the stiffening beam with a rational topology of the
combined truss.

1.1 Analysis of Basic Research and Publications

Beam-type steel structures and trusses are the most common structural elements
in floors and coatings for industrial, civil and agricultural purposes. At present,
the Ukrainian Research and Design Institute of Steel Structures named after V.M.
Szymanowski developed a state standard for steel trusses from bent-welded profiles
of rectangular cross-section [3]. This standard takes into account modern achieve-
ments in the field of steel structures, meets domestic and foreign requirements for
such systems, and also provides weight restrictions, for example, the weight of the
truss with a span of 30 m, for a load of 1.3 t/m should not exceed 2000 kg [3].

However, the following typical rafter trusses [3, 15] have the following disad-
vantages: imperfect complex topology due to a large number of elements and nodes
(for example, a typical farm with a run of 30 m consists of 39 elements and has 21
nodes); incomplete use of the strength characteristics of steel in the elements along
the length of the truss due to compliance with manufacturability in the manufacture;
increased material and labor intensity and cost.
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The problem can be solved: by developing and creating effective structural forms
that meet the requirements of advanced manufacturing technologies: achieving the
greatest savings in metal, reducing labor intensity and reducing installation time.

It is established that the largest reserves of SDS regulation and improvement
of structural forms are hidden in combined structures [16]. Ways to increase the
efficiency of combined structures are substantiated: low element, the concentration
of the bulk of the system in the stiffening beam, the absence of external spacing,
taking into account the deformed state of the stiffening beam based on the energy
variation method of Lagrange, exclusion of power control methods, ensuring an even
stress state of the stiffening beam only by rational selection of stiffness of the system
elements [5].

Analysis of the development of structural forms and methods of calculation of
combined steel structures shows that such structures are the most promising and
they have great potential, but to date they have not found mass use [2, 5]. The use
of combined structures allows to reduce steel costs to 21–27% and the cost of their
manufacture, which as a result reduces their prime cost by 31% in comparison with
typical designs of similar span. The main advantage of combined structures is the
concentration of materials and the ability to design them low-element [1, 20].

Thus, the most promising in terms of improving the efficiency of structural forms
are structures that the formation of which includes elements of beams and trusses,
i.e. combined. The main load-bearing element of these structures is a stiffening beam
(its weight reaches up to 70% of the total mass), from the metal content of which
largely depend on the technical and economic performance of the entire system.

Currently, most attention has been paid to the study of rational combined steel
trusseswith amaximum span of 18–24m [2, 21]. However, it is known that combined
designs are not always rational and economical [13, 14, 17, 22–25].

The analysis of literature sources showed [5, 7] that in the special literature the
problem of rational design of combined steel trusses and research of their rational
topology (especially with a run of 30 m) is insufficiently covered.

Therefore, to solve this and the above problems it is necessary to investigate and
develop new rational structural forms of steel combined trusses of the increased span
to 30m,whichwould haveminimal steel costs, low labor intensity, were low-element
and the most technological.

2 Presentation of the Main Research Material

We will study the replacement of traditional typical rafter steel trusses (for example,
a 30 m span) combined with the same dimensions as the typical ones.

To evaluate the constructive forms it is necessary to adopt efficiency criteria.
These include: volume of material; the cost of construction in the “case”, or reduced
value; the cost of manufacture, transport and installation. The criterion of value is of
a conjunctural nature and real prices are fair at short notice. Given that the cost of
steel is approximately 70% of the cost in the “case” of the structure [19], the criterion
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of the minimum cost should be replaced by a simpler criterion of the minimummass
of the material, which can be written as

M =
∑

Mi = min, or Mi =
∑m

i=1
Ailiρ = min, (1)

whereM—is themass of the structure;Mi—is themass of the element as a component
of the structure, ρ—is the density of the material.

Consider, as a standard, a typical rafter truss with bent-welded profiles of rectan-
gular cross section with a span of 30 m and a height of 2 m with support on the upper
belt (Fig. 1a) [3, 4]. It is known that the efficiency and manufacturability of trusses
mainly depends on the structural shapes and dimensions [12], as well as the number
of its elements [9, 10].

Let’s analyze the design parameters of the following sprung trusses with a span of
30 m when working on an evenly distributed load: typical (reference)—Fig. 1a [3];
proposed combined trusses with support on the upper belt with a different number
of panels of the upper belt (10 for the truss in Fig. 1b; 8 for the truss in Fig. 1c; 6 for
the truss in Fig. 1d; 4 in Fig. 1e and 3 in Fig. 1f) with a lattice with descending struts
and regular placement of racks, and the same angle of inclination of the racks, equal
to β = 67.5°. For comparison, the overall dimensions of all trusses are the same as
in the typical (Fig. 1).

Themass of eachof the above trusseswas determinedbyperforming a comparative
calculation on a symmetrically evenly distributed load q = 13 kN/m, with the same
dimensions on the PC in the program “LIRA-CAD 2016 R5”, Table 1.

From the Table 1, the mass of the trusses (Fig. 1d and g) exceeds the mass limit
of 2000 kg according to [1], they are not rational for this span and load, so we will
not consider them in the future. Indicators by mass of the other three truss (Fig. 1b,
c, d) are less than 2000 kg and less than the mass of the reference truss (Fig. 1a).

As can be seen from Table 1, replacement of a typical (reference) truss (Fig. 1a)
with a combined truss with the number of upper belt panels eight (Fig. 1c), which has
a smaller number of elements (typical 39 and has 21 nodes, and combined—22 and
has 16 nodes), also has a reduced mass by about 7% (Table 1). Combined truss with
the number of panels of the upper belt six (Fig. 1d), compared with the combined
truss (Fig. 1c), has an even smaller number of elements—16 and nodes 12, but not
much more mass from the truss (Fig. 1c), by 2.5%. Thus, it is the most technological
among those considered.

Also, in [5], based on the energy principles of structural mechanics, a func-
tional dependence was obtained between the deformation energyUb when bending a
conventional beam and the deformation energyU when bending a continuous rigidity
beam on intermediate elastic supports with even extremal diagramMx, which simu-
lates the upper belt of combined trusses, and the number of its spans n (excluding
the energy of the supports):

U ∼= Ub

4, 6n4
., or lim U = lim

n→∞
Ub

4, 6n4
= 0. (2)
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Fig. 1 Schemes of rafter steel trusses

Therefore, with the increase in the number of “n” spans of the stiffening beam
(corresponding to n−1 number of its reinforcements by the struts of the sprung
system) to infinity, the deformation energy of such a beam is reduced to zero, the
beam turns into a rigid rod on a rigid basis in which there are no deformations of a
bend (Fig. 2).

It was established [5, 8] that the mass of the beam span on two supports during its
transformation into an inseparable beam on intermediate elastic supports (upper belt
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Table 1 Weight and deflections of trusses

Truss Deflection, mm Mass, kg Truss Deflection, mm Mass, kg

Figure 1a 147 mm
(1/204 L)

1859,6 Figure 1d 148 mm (1/203 L) 1775,1

Figure 1b 147 mm
(1/204 L)

1813,7 Figure 1e 148 mm
(1/203 L)

2135.1

Figure 1c 148 mm
(1/203 L)

1732,0 Figure 1f 137 mm
(1/219 L)

2194.7

0
1 2 3 4 5 6 7 8 9 10

U /4,6n4

U
1,0x10 6

0,5x10 6

b

b

U=

n

J,

Fig. 2 Dependence of the potential energy of deformation of the beam Ub, when transformed into
inseparable, on the number of its span n [5]

Fig. 3 Angles of the racks
of the six-panel rational
combined truss (node A for
Fig. 1d)

β = 900β = 450 β = 800

β = 67,50

А β = 900

β = 800

β = 67,50

β = 450

of combined trusses) decreases intensively with a small number of spans, ie small
values of “n” (Fig. 2).

Based on this, we can conclude that it would be rational to combine a truss with
the number of panels of the upper belt six in Fig. 1d, the upper belt of which has only
five intermediate supports, and the trusses in other schemes—more, have seven and
nine supports. In the case of a larger number of such supports, the mass of the beam
decreases slowly, while each new support increases proportionally the mass of the
reinforcement system and adds to the cost of structure and increases the complexity
of manufacture and installation.
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Thus, such a truss (Fig. 1d) is low-element,with the concentration of the bulk of the
system in the stiffening beam—the upper belt, that is, it is a rational, technological
structure that has a minimum cost of materials, minimum labor and time for its
manufacture.

We analyze the influence of the angle of inclination β of the racks (Fig. 1d), on
the mass of a rational truss height of 2 m, with the number of panels of the upper
belt—6 pieces. To do this, determine the mass of the combined trusses at different
angles of the racks in the range of 45–90°: β = 45°; β = 67.5°; β = 80°; β = 90°
(Fig. 3). The calculation was performed on a symmetrically evenly distributed load
q = 13 kN/m, on a PC in the program “LIRA-CAD 2016 R5”, Table 2.

As can be seen from Table 2 and the diagram in Fig. 4, the mass of the combined
truss with the angle of inclination of the racks 800 is the smallest and the difference
with the largest mass at an angle of 90° is 5%. The mass of the other two trusses, at
angles of 67.5° and 45°, is greater than the minimum. Therefore, we can assume that
the rational angle of the racks of the combined truss, the cost of steel, is approximately
78–82°, given the impact of a limited range of metal profiles and the accuracy of
calculations.

Table 2 Weight and deflections of combined trusses

Truss Deflection, mm Mass, kg Truss Deflection, mm Mass, kg

Figure 1d, Fig. 3
(angle 90°)

150 mm, (1/200
L)

1873,3 Figure 1d, Fig. 3
(angle 67,5°)

148 mm, (1/203
L)

1775,1

Figure 1d, Fig. 3
(angle 80°)

150 mm, (1/200
L)

1756,3 Figure 1d, Fig. 3
(angle 45°)

146 mm, (1/205
L)

1799.0

1873.3

1756.3
1775.1

1799

1700

1750

1800

1850

1900

Angle (°)

M
as

s, 
kg

90° 80° 67,5° 45°

Fig. 4 Diagram of the influence of the angle of inclination of the racks β on the mass of the
combined trusses
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3 Conclusions and Prospects

It is shown that a rational combined steel truss with a span of 30 m has 16 elements
and 12 nodes, and a typical truss of the same girder, respectively—39 elements and
21 nodes, therefore, such a combined truss should be considered low-element. Also,
compared to a typical, rational combined truss has about 5% less mass, that is, it is
a technological structure that has a minimum cost of materials and, accordingly, the
minimum cost of labor and time for its manufacture. The combined truss with a span
of 30 m and a height of 2 m will be rational, both in terms of steel costs and their
energy consumption, then, when it will have no more than six panels of the upper
belt, and the upper belt itself will have no more than five intermediate supports.
The influence of the angle of inclination of racks of combined trusses on their mass
is investigated. The rational angle of inclination of racks of steel combined trusses
which makes 78–82° is defined.
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Matrix Memory Device

Mirfatma Javadova and Ilona Chernytska

Abstract The article considers a matrix memory element, which is a storage matrix
built using diodes based on complex semiconductors. A decoder device using
memory cells based on Cu2Se diodes, which provides the necessary signal based
on various combinations of input signals. MD (memory device) can find application
in information processing systems when creating a storage device with the required
capacity and capable of working in the interval from−60 °C to+125 °C. As a multi-
functional device, the requirement for the electoral device is that it is advantageous in
terms of energy saving and for the same reason, the decoders are built on the elements
with the lowest energy consumption. Matrix memory element can be used built using
diodes based on complex semiconductors and matrix memory device can be used in
information distribution and processing networks, computer technology, automation
systems and in other areas of technology. İn information processing systems when
creating a memory device with the required capacity. Based on the abovementioned,
the devices are modern, economical, highly technological for the development and
applicable to modern automation devices and switching equipment.

Keywords Information transfer · Complex semiconductor · Reliability · Digital
switches · Electricity

1 Introduction

The development of microelectronics has allowed the use of semiconductor elements
(bipolar transistors andMOS structures) to build memory devices. The use of bipolar
transistors and MOS structures can significantly increase the speed of MD reduce
their mass, dimensions and increase reliability [1].
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Table 1 Characteristics of MD made on various electronic technological basis

RAM
type

Applicabe
elements

Characteristics

Production
time, ns

Typical
information
capacity, byte

Density of
information
placement, byte

Energy
consumption
during storage
of information

Semi
conductor

Bipolyar
Transistors

50 ÷ 300 103 ÷ 105 Up to 200 Yes

MOS
Structures

250 ÷ 100 103 ÷ 106 200 ÷ 300 Yes

Magnetic Ferrite cores 350 ÷ 1200 106 ÷ 108 10 ÷ 20 No

The Table 1 shows the data characterizing the MD made on a different elemental
– technological basis. The table shows that on bipolar transistors it is advisable to
build a MD with an information capacity of less than 105 bits, but with high speed.
The MD on MOS structures have a capacity of 103 ÷ 106 bits at moderate speed.

2 Methods

The main disadvantage of MD on mentioned structures is the energy consumption
during storage of information. In this regard, at present the development of memory
is carried out in two directions. MD are developed on integrated circuits with the
improvement of their capabilities, as well as on new elements which do not consume
energy when storing information.

A special memory device can be built using diodes based on complex semicon-
ductors. It‘s possible to consider the memory matrix built using diodes based on
complex semiconductors. Matrix memory device can be used in information distri-
bution and processing networks, computer technology, automation systems and in
other areas of technology. Advantageously, MD can find application in information
processing systems when creating a memory device with the required capacity.

XM-based diodes have a memory, moreover, information can be stored in them
even in the absence of power, the duration of information storage by XM diodes is
checked for 1.5 years. The ability of XM diodes to withstand high temperatures and
radiation resistance suggests that memory cells developed on the basis of XM diodes
can compete with modern memory elements currently used in memory devices [2].

A characteristic feature of the proposed memory device is that it is built on diodes
based on complex semiconductors with two stable states, Fig. 1. With N capacitance,
this storage device also provides reception, storage and delivery of N number n bit
numbers. A disadvantage of the known matrix memory device is the inability to use
the operating currents less than the full value supplied by the vertical and horizontal
buses, which leads to disruption of the elements installed before and after the selected
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Fig. 1 Matrix memory device

elements. Therefore, in such storage devices of a matrix type, at the outputs of each
storage element, additional elements are used to record information.

The matrix storage device contains b1,b2, …bN vertical bus; D11, D12, …D1N;
D21, D22, …D2N; DN1, DN2, …DNN diodes based on complex semiconductors; D

′
11,

D
′
12, D′

13, D
′
14; D

′
21, D

′
22, D

′
23, D

′
24;... D

′
N1, D

′
N2, D

′
N3, D

′
N4 decoupling diodes

in one column d11, d12, …d1N; d21, d22,... d2N;... d2N,... dN1, dN2,.., dNN output pins of
diodes based on complex semiconductors for each column. Matrix memory device
operates as follows. The memory device simultaneously records all the digits of the
same number.

Voltage across one vertical bus and n horizontal buses (n is the number of bits
of one number) is supplied simultaneously. A voltage with a value is supplied via
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the vertical bus, where U is the total voltage value 2
3U for switching the memory

element. The voltage with the value − 1
3U is supplied via the horizontal bus a, the

voltage with the value + 1
3U is supplied through the horizontal bus a1. To record n

bits of a single number in the memory device, one of the vertical buses b1, b2, …
bn is supplied with voltage with magnitude 2

3U , while voltage for each horizontal
bus is either with magnitude + 1

3U or magnitude − 1
3U . When recording ‘1’ in the

memory device, voltage is applied simultaneously to the voltage of the vertical bus
2
3U via the corresponding horizontal bus + 1

3U . If it is necessary to record ‘0’ in
the storage device, then a voltage with magnitude is supplied via the corresponding
horizontal bus + 1

3U . Thus, when recording ‘1’, the storage element—a diode based
on complex semiconductors is powered by a voltage with a value

2
3U + 1

3U = U (1)

The value 1
3U is so small that the diode based on complex semiconductors does

not respond to this and remains in the same zero ‘0’ state. When reading the recorded
information in the storage device via the corresponding vertical bus, a voltage signal
with a value − 2

3U is provided, and at the same time, horizontal signals of a voltage
signal each with a value − 1

3U . The reliability of the memory cells in the mode
of reading, storing and overwriting information is determined by the stability of
the voltage and switching current of the memory element. Researches have shown
that the switching voltage and switching current of these elements is practically not
depends of the ambient temperature in the range of−60÷ +125 °C. The distribution
curves of the value of the turn-off voltage obtained at a frequency of 100 kHz and
for a pulse duration of a logical “0” 0.5 µs are shown in Fig. 2. Figure 3 shows the
distribution curve of switching current. As follows from Fig. 2, the most likely value
of the turn-off voltage is 6.3 V, which allows the use of memory cells in conjunction
with standard TTL ICs with a voltage of 5 V.

However, the value of the turn-off voltage is characterized by a certain spread both
from one switching cycle to another and for a separate memory element, which leads
to the need to use statistical analysis methods to establish guaranteed acceptable
signal values that ensure non-destructive reading of information. Assuming that the
experimentally obtained distributions of the turn-off voltage values obey the normal

Fig. 2 Turn-off voltage
distribution curve
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Fig. 3 Distribution curve of
the switching current

law, numericalmethods can be used to obtain statistical estimates of themathematical
expectation of the variance and the standard deviation of given value.

It is proved that the expansion of relations between the processes carried out in
many areas of the national economy, as well as the implementation of the reception
and transmission of information at numerous points, leads to the development of
a two-way amount of information between various objects. At the modern stage
of development of switching technology, the main means of providing two-way
transmission of information between different objects is a digital switch [3].

The developed device of the decoder using memory cells based on Cu2Se diodes
provides the output of a specific signal basedonvarious combinations of input signals.
Such devices are used in converters, control and selective circuits. The decoder, as a
selective device, performs the function of selecting a device connected to its output.
As a multifunctional device, it is beneficial from the point of view of energy saving
and for the same reason, the decoders are built on the elements with the lowest
energy consumption. As known, these elements, even at rest mode, do not consume
electricity, while at the same time saving the information recorded in it.

3 Conclusions

A decoder device using memory cells based on Cu2Se diodes, which provides the
necessary signal based on various combinations of input signals. Switching devices
andmemory elements called as amemory cell are capable of operating in the tempera-
ture range from−60 °C to+125 °C [4, 5]. Decoder devices developed usingmemory
cells based on Cu2Se diodes, which provides the necessary signal based on various
combinations of input signals. (“Patent” No. İ 2006 0041, 2006). Based on the above-
mentioned, it can be confirmed that that the devices are economical and highly tech-
nological and suitable for the development and use of modern automation devices
and switching equipment.
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Methods of Probabilistic Assessment
of Building Enclosing Structures
Thermal Reliability

Alla Kariuk , Victor Pashynskyi , Mykola Pashynskyi ,
and Fidan Mammadova

Abstract Probabilistic method for determining statistical characteristics of heat
transfer resistance and enclosing structures inner surface temperature, which takes
into account random nature of enclosing structures layers thickness, thermal char-
acteristics of materials, indoor and ambient temperatures are developed. All random
variables have normal distributions, and the air temperature is presented in a form of
a sequence of 12 normally distributed random variables for each month of the year.
Obtained statistical characteristics of the enclosing structure inner surface tempera-
ture for each of the heating period months enable estimating the duration of thermal
failure (in minutes per year) by the criteria of comfort near the enclosure and forma-
tion of condensate on its inner surface. Relative durations of thermal failures can
be roughly considered as annual failure probabilities. Developed techniques allow
performing a comparative assessment of different enclosing structures thermal reli-
ability level in the given climatic conditions of operation according to the criteria of
sufficient heat transfer resistance, comfort in the room and possibility of condensa-
tion on the enclosures inner surface. Performed examples of calculations indicate a
sufficient level of residential buildings walls thermal reliability with facade insula-
tion, made in accordance with current design standards of Ukraine, and impossibility
of normal operation of 510mm thick brick walls without additional insulation, which
were massively erected in the second half of last century.

Keywords Enclosing structures · Thermal reliability ·Materials random
properties · Random temperature effects
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1 Introduction

Enclosing structures should ensure not only buildings energy efficiency, but also the
comfort of being indoors. Current design standards [1] establish four criteria for
ensuring thermal reliability in enclosing structures design:

– specific annual energy consumption of the building should not exceed the
maximum allowable value;

– heat transfer resistance must be not less than the minimum allowable value,
depending on the type of enclosing structure and the temperature zone of its
operation;

– temperature difference between the indoor air temperature and the enclosing
structure inner surface temperature must not exceed the permissible value, which
ensures the comfort of being near the enclosures;

– minimum value of the inner surface temperature in the areas of heat-conducting
inclusions must be not less than the dew point temperature, which ensures
impossibility of condensation on the enclosure inner surface.

Random nature of materials thermal characteristics, structural layers thickness,
ambient air temperature and room temperature necessitates the use of probabilistic
methods for assessing the level of enclosing structures thermal reliability of [2, 3].

Among a significant number of studies on atmospheric air temperature, we place
emphasis on the works [4, 5], that substantiates possibility of atmospheric air temper-
ature probabilistic representation in the form of a quasi-stationary random process
or a sequence of 12 random variables with normal distribution and statistical char-
acteristics of these models for almost 500 observation points of Ukraine. Similar
studies of atmospheric air temperature made it possible to develop zoning according
to climatic indicators [1, 6, 7].

Calculated values of indoor air temperature are set by norms [1] depending on the
premises purpose. For civil buildings they are equal to 20–22 °C. In [3], the results
of processing the systematic measurements of indoor air temperature, according to
which the standard of indoor air temperature varies within 0.4…0.8 °C are presented.

Theurgencyof energy savingproblemhas led to a significant amount of research in
the field of thermal engineering. Research and probabilistic representation of thermal
insulation buildingmaterials characteristicswas carried out in [8–11] and otherworks
of the authors. It is established that coefficients of thermal conductivity can be repre-
sented in the form of normally distributed random variables with 0.03–0.14 variation
coefficients. The average and calculated values of different thermal conductivity of
building materials in different operating conditions are given in the standard [12].
Thermal characteristics of enclosing structures were analyzed in articles [2, 3, 11,
13, 14] and many other works. Considerable attention has also been given to the
optimal values of thermal characteristics selection [15, 16] and the improvement of
the buildings walls structures in order to increase their thermal reliability [17, 18].
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One of the first approaches to assessing reliability of load-bearing structures by
the criterion of strength is developed by O.R. Rzhanitsyn and methodically expli-
cated in the monograph [19]. The essence of this method is to determine probability
of structural element failure-free operation, taking into account bearing capacity
random values and force from the current load. In the recent decades, methods for
estimating the reliability indicators of load-bearing structures have been developed
[20–23], which are based on potential input in form of random processes, sequences
of maximum values and other probabilistic models.

The works [2, 3, 10, 11] are dedicated to probabilistic assessment of thermal relia-
bility of enclosing structures. The disadvantage of these studies is incomplete consid-
eration of calculated parameters statistical variability, in particular the outside and
inside air temperature, thickness of enclosing structure layers and thermal conduc-
tivity of the materials used. In the article [3] it is offered to use not probability, but
duration of thermal failure condition as numerical indicator of thermal reliability.
This to some extent corresponds to the norms approach [24] to the calculation of
structures according to the requirements of the serviceability limit state.

In general, the literature analysis showed that development of methods for
assessing thermal reliability with a comprehensive account of the random nature
of enclosing structures structural and thermal characteristics, temperature in the
premises and ambient air temperature remains an urgent task.

The purpose of the study is to develop a method for assessing enclosing struc-
tures thermal reliability in the winter time, taking into account random nature of the
influencing factors.

2 Prerequisites and Initial Data

The given below methods for assessing enclosing structures thermal reliability are
based on the following prerequisites:

– the basis is made with calculation methods and formulas of thermal engineering
given in the current design norms;

– enclosing structure layers thickness of the δi and coefficients of materials thermal
conductivity λi are considered to be normally distributed random variables;

– outdoor air temperature, τout is a sequence of normally distributed random
variables corresponding to individual months of the year;

– room temperature τin is a normally distributed random variable, the average value
of which is set according to design standards, while the standard is set according
to the results of field observations in residential buildings;

– dew point temperature τc is a random variable, statistical characteristics of which
depend on the temperature and relative humidity in the premises;

– heat transfer coefficients of the enclosing structure innerαin and outerαout surfaces
are considered to be deterministic values and are accepted according to the design
norms;
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Table 1 Wall layers construction and thermal conductivity characteristics

Wall construction Wall layers thickness δi, m Sδ

m
Thermal conductivity
characteristics

Type 1 Type 2 Type 3 Ri Mλ Sλ

Outer protective
layer

0,01 0,01 – 0,002 0,011 0,860 0,043

Mineral wool
plate insulation

0,12 0,08 – 0,002 2,449 0,047 0,004

Laying of hollow
ceramic bricks

0,51 0,51 0,51 0,006 0,797 0,591 0,030

Internal plaster 0,02 0,02 0,02 0,006 0,025 0,749 0,037

– the minimum allowable value of heat transfer resistance of the enclosing structure
Rmin is a deterministic value adopted in accordancewith the requirements of design
standards.

Methods for thermal reliability assessing are illustrated by examples of calcu-
lation of residential buildings brick walls in the climatic conditions of Poltava and
Kropyvnytskyi:

Type 1—brick wall, insulated in accordance with the requirements of the norms
[1] regarding the minimum required heat transfer resistance Rmin = 3,3 m2·K/W.

Type 2—brick wall, insulated in accordance with the requirements of the norms
[1] regarding the minimum required heat transfer resistance Rmin = 2,475 m2·K/W
reduced by 25% which is allowed provided ensuring overall energy efficiency of the
building;

Type 3—brick wall of a residential building without additional insulation, which
was built en masse in the second half of the twentieth century;

Wall constructions and statistical characteristics of thickness and thermal conduc-
tivity of each layer are given in Table 1. Mathematical expectations of layer thick-
ness δi are accepted as equal to their design value, and Sδ standards are estimated
by normative tolerances on product and layer dimensions taking into account 0.95
provision. Heat transfer supports of Ri wall layers are calculated according to calcu-
lated values of materials thermal conductivity from the norms [12], and their Mλ

mathematical expectations and Sλ standards—from the results of experimental and
statistical studies, performed by authors.

3 Enclosing Structure Heat Transfer Resistance

Calculated value the structure heat transfer resistance is determined by a well-known
formula:
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R = αin + αout +
N∑

i = 1

δi

λi
, (1)

where N –number of enclosing structure layers,
δi – thickness of i-th enclosing structure layer;
λi –calculated thermal material conductivity of the i-th layer of the structure;
αin, αout – heat transfer coefficients of enclosing structure inner and outer surfaces

according to the data [12];
Random nature of δi enclosing structure layers thickness and λi materials thermal

conductivity coefficients determines the randomness of heat transfer resistance
resulting value (1). Considering the nonlinear operation of dividing random vari-
ables δi and λi in the formula (1), statistical characteristics of the resulting random
variable R are obtained by the method of random variables functions linearization
described in [25]. For this purpose, partial derivative functions (1) are determined
from the random parameters δi and λi:

∂ R

∂ δi
= 1

λi
; ∂ R

∂ λi
= − δi

λ2
i

. (2)

Then, according to the method of linearization [25], mathematical expectation
and standard of heat transfer resistance are equal to the following:

MR = αin + αout +
N∑

i = 1

Mδi

Mλi
, SR =

√√√√
N∑

i = 1

[(
Sδi

Mλi

)2

+
(
SλiMδi

M2
λi

)2
]
, (3)

where N – number of enclosing structure layers;
Mδi and Sδi – mathematical expectation and the standard of thickness of the i-th

layer;
Mλi ta Sλi – mathematical expectation and the standard of the i-th layer thermal

conductivity.
As a result of calculations according to formulas (1)… (3) and the data from Table

1, the following calculated values of R, mathematical expectationsMR and standards
SR of heat transfer resistance of the wall of three types are obtained:

for wall type 1 – R = 3,440 m2 × K/W, MR = 3,612 m2 × K/W, SR = 0,226 m2

× K/W;
for wall type 2 – R = 2,623 m2 × K/W, MR = 2,761 m2 × K/W, SR = 0,158 m2

× K/W;
for wall type 3 – R = 0,819 m2 × K/W, MR = 0,873 m2 × K/W, SR = 0,036 m2

× K/W.
Calculated values of heat transfer resistance of walls of types 1 and 2 correspond

to the established norms [1] and the above-mentioned minimum permissible values
for the walls of civil buildings in the first temperature zone of Ukraine. For wall type
3, the calculated value is 4 times lower than modern standards [1]. Mathematical
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expectations of heat transfer resistance of all walls are slightly higher than their
calculated values.

4 Temperature of the Enclosing Structure Inner Surface

In the stationary mode of heat transfer, the temperature of enclosing structure inner
surface can be determined from the known dependences of thermal engineering:

τw = 1

R · αin
[τin(R · αin − 1) + τout], (4)

where R – enclosing structure heat transfer resistance;
αin – heat transfer coefficient of the enclosing structure inner surface;
τin, τout – indoor and outdoor air temperatures.
According to the accepted preconditions, all variables of formula (4) are normally

distributed random variables. Therefore, the temperature of the enclosure struc-
ture inner surface is also a random variable, statistical characteristics of which
can be determined by the method of linearization [25], as it was done for heat
transfer resistance. Its mathematical expectation Mw and standard Sw are equal to
the following:

Mw = 1

MR · αin
[Min(MR · αin − 1) +Mout], (5)

Sw = 1

MR · αin

√

S2out + (Min · αin − 1)2S2in +
(1−MR · αin)

2

M2
R

· S2R, (6)

where αin – heat transfer coefficient of the enclosing structure inner surface;
MR, SR – mathematical expectation and standard of enclosure heat transfer

resistance;
Min, Sin – mathematical expectation and indoor air temperature standard;
Mout, Sout – mathematical expectation and outdoor air temperature standard.
According to formulas (5) and (6) it is possible to establish statistical characteris-

tics of enclosing structure internal surface temperature for each of the heating period
months. For this purpose it is necessary to substitute to formulas (5) and (6) mathe-
matical expectations and standards of external air temperature in a certain month of
the year, statistical characteristics of internal air temperature and enclosing structure
heat transfer resistance (3). A simplified version of formula (6) without the third
summand under the radical was obtained in [3], where the heat transfer resistance
was considered a deterministic value.
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5 Duration of the Thermal Failure State According
to the Criterion of Comfort

This indicator is determined due to the probability that the difference � between the
indoor air temperatures τin and the inner wall surface τw will exceed the permissible
value �max established by the norms [1]. According to the theorems on the numer-
ical characteristics of random variables [25], the mathematical expectation and the
standard of this difference are equal to the following:

M� = Min −Mw, S� =
√
S2in + S2w, (7)

where Min, Sin – mathematical expectation and indoor air temperature standard;
Mw, Sw – mathematical expectation and temperature standard of the enclosing

structure inner surface by (5), (6).
Absolute duration of the thermal failure state (in minutes per month) in the j-th

month of the year is equal to the following:

Qj = 43920 [1− F(�max)], (8)

where F(�max) – function of normal distribution of temperature difference�with
numerical characteristics (8);

43,920 – number of minutes per month with an average duration of 30.5 days.
If changes in outdoor air temperature during the year are presented as a sequence

of 12 normally distributed random variables, the annual duration of the Qyear thermal
failure state is equal to the sum of the values (8) during the months relating to the
heating period.

Qyear =
∑

j

Qj (9)

and is expressed in minutes per year. For most of Ukraine, 7 months fromOctober
to April should be taken into account.

An alternative indicator is the relative duration of the thermal failure state Qrel,
calculated by dividing (9) by the length of the year in minutes

Qrel = Qyear

/
525600. (10)

Relative duration of thermal failure state (10) is a dimensionless quantity, which
can be considered approximately the probability of thermal failure during the year.

Absolute (9) and relative (10) durations of the thermal failure state according to
the comfort criterion are determined for three types walls described above in the
climatic conditions of Poltava and Kropyvnytskyi. The following initial data are
taken into account:
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Table 2 The walls thermal failure state duration by the comfort criterion

City Absolute duration of the state of
thermal failure of wall types

Relative duration of the thermal failure
state of wall types

Type 1 Type 2 Type 3 Type 1 Type 2 Type 3

Poltava 16,3 53,5 41,100 3,10 × 10–5 1,02 × 10–4 7,82 × 10–2

Kropyvnytskyi 14,4 46,1 36,000 2,75 × 10–5 8,77 × 10–5 6,86 × 10–2

– statistical characteristics of outdoor air temperature for the cold months of the
year from October to April Mout and Sout according to the data [4, 5];

– mathematical expectation of indoor air temperature for residential premises Min

= 20 °C, equal to the normative value according to [1] and the standard Sin =
0,6 °C according to the data [3];

– statistical characteristics of heat transfer resistance MR and SR, defined and given
above for walls of three types;

– the maximum allowable value of the difference between the temperature of
the indoor air and enclosing structure inner surface in residential buildings in
accordance with the rules [1] is equal to �max = 4 °C.

The results of the calculations are shown in the Table 2.
The data in Table 2 indicate the close levels of thermal reliability of thewalls being

used in climatic conditions of Poltava and Kropyvnytskyi, located at a distance of
about 200 km. Insignificant probable duration of the thermal failure state according
to the comfort criterion indicates a sufficient level of thermal reliability of type 1
walls, the insulation of which fully meets the requirements of the norms [1]. The
duration of thermal failures of type 2 walls is 3… 4 times longer, yet the discomfort
per one hour a year can also be considered acceptable. Brick walls of type 3 without
additional insulation,whichwere erected in the last century, can create uncomfortable
conditions in the room for 25… 28 days per year. This duration of thermal failure
state is clearly unacceptable, so the walls of type 3 are subject to mandatory thermal
modernization by additional facade insulation.

6 Duration of the Thermal Failure State According
to the Criterion of Condensate Formation

This figure is equal to probability that actual temperature of the enclosure structure
inner surface τw will fall below the dew point τd. Statistical characteristics of the
temperature of the enclosing structure inner surface are determined by formulas (5),
(6). In [3] it was shown that the dew point temperature for living premises conditions
can be considered a random variable with a mathematical expectation and a standard
Md = 10,6 °C, Sd = 1,7 °C.



Methods of Probabilistic Assessment … 187

Table 3 Duration of the thermal failure state of the walls by the criterion of condensate formation

City Absolute duration of thermal
failure state of wall types

Relative duration of thermal failure state of
wall types

Type 1 Type 2 Type 3 Type 1 Type 2 Type 3

Poltava 0,20 0,38 126 3,77 × 10–7 7,21 × 10–7 2,40 × 10–4

Kropyvnytskyi 0,19 0,35 102 3,54 × 10–7 6,62 × 10–7 1,95 × 10–4

According to the theorems on the numerical characteristics of random variables
[25], mathematical expectation and the standard of the temperature difference � =
τw – τd in the j-th month of the year are equal to:

M� = Mw −Md; S� =
√
S2w + S2d. (11)

Absolute duration of the thermal failure state (in minutes per month) in the j-th
month of the year is equal to probability that the temperature difference � = τw – τd
will be less than zero:

Qj = 43920 F(0). (12)

Annual duration of thermal failure state by the criterion of condensate formation
Qyear (in minutes per year) is determined by formula (9), and the relative duration—
by (10). The results of calculations of thermal failure absolute and relative duration
according to the criterion of condensate formation of three types of walls in the
climatic conditions of Poltava and Kropyvnytskyi are given in Table 3.

The data in Table 3 indicate practical impossibility of condensation on the first
and second types walls inner surface. The total duration of conditions for condensate
formation on the type 3walls inner surface is 2 h per year. It is possible that condensate
formation can damage the finishing layers, thus level of thermal reliability of the 3
type wall should be considered insufficient.

Tables 2 and 3 show relative durations of thermal failures of the 1 and 2 type
walls are close and even lower than failure probabilities of load-bearing structures
recommended by current design standards of Ukraine [24]. Relative durations of
thermal failures of type 3 walls exceed the values recommended by these standards.

7 Conclusions from Research Results

1. The technique is developed for defining statistical resistance characteristics of
heat transfer and temperature of an internal surface of enclosing structures taking
into account random character of the structures sizes and thermal characteristics
of materials, as well as casual temperatures of internal and atmospheric air.
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2. As indicators of thermal reliability it is expedient to use absolute and rela-
tive duration of thermal failures state on criteria of comfort and formation of
condensate on enclosing structures internal surfaces. The proposed probabilistic
methods for determining these indicators enables performing a comparative
assessment of thermal reliability level of different enclosing structures in the
given climatic conditions of operation.

3. The performed examples of calculations indicate a sufficient level of thermal
reliability of the residential buildings walls with facade insulation, made in
accordance with current design standards of Ukraine, and the impossibility of
normal operation of 510 mm thick brick walls without additional insulation,
which were built en masse in the second half of the last century

4. To more accurately determine the indicators of thermal reliability of enclosing
structures, it is necessary to perform experimental and statistical studies in order
to obtain and probabilistically represent the thermal conductivity of structural
and insulating building materials.
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Theoretical Study of the Dynamic System
«Vibration Platform − Polymer
Concrete» Stress–Strain State

Oleksandr Maslov , Dmytro Savielov , Yuliia Salenko ,
and Mirfatma Javadova

Abstract The analysis of the dynamic system “vibration platform polymer
concrete” for the theoretical determination of the polymer concrete stress–strain state
compacted by the movable frame of vibration platform was carried out. Polymer
concrete, which is compacted by vibration load, was presented as a distributed
parameter system. As a result of expression substitution that describes the law of
the vibrating platform movable frame motion in the operating mode into the rela-
tionship between stress and deformation for the conditions of a uniaxial stress state,
the law of stresses changes that arise in the polymer concrete compacted layer was
found. The obtained law made it possible to determine the stresses changes in the
base and on the surface of the polymer concrete compacted layer, which is deformed
on the vibrating platform movable frame. The graphs are based on the found theo-
retical relationships. They clearly illustrate the changes in the vibration amplitude
of the vibrating platform movable frame depending on the height of the product, the
stresses that arise at the base and on the surface of the polymer concrete compacted
layer, as well as the peculiarities of the stresses changing along the compacted layer
height depending on the relative density of the polymer concrete layer for the selected
impact vibration mode.

Keywords Vibration platform · Polymer concrete · Vibrations · Deformation

1 Introduction

The change in the stress-strain state of polymer concrete occurs in the process of
vibration loading. In this case, the nature of the stresses distribution that arise in the
compacted polymer concrete by the vibration load will largely determine the modes
of vibration exposure, the design and technological features of vibration equipment.
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To date, considerable experience has been accumulated in scientific research of
soils vibration compaction [1–3], cement and asphalt concretes [4–11], composite
media [12–21] based on their model representation. A detailed acquaintance with
these works allows us to conclude that in order to determine the patterns of change in
stresses under variousmethods of vibration exposure, the dynamic systems “vibrating
working body – soil”, “vibration platform – compacted medium”, etc. were studied.
In this case, the choice of rheological models that adequately describe the stress-
strain state of such dynamic systems was of great importance. This approach, with
a sufficiently high degree of accuracy, made it possible to obtain the regularities of
changes in stresses that arise in the medium compacted layer.

It is known that systematic studies of polymer concretes vibration treatment, deter-
mination of their physical andmechanical properties and rational areas of application
began somewhat later than soils, cement and asphalt concretes.

At the same time, for a scientifically grounded choice of vibration exposure
rational modes and equipment parameters for various sizes polymer concrete
compaction, it is of great importance to identify the patterns of change in stresses
arising from vibration impact on the compacted polymer concrete.

All this suggests that carrying out theoretical studies aimed at studying the nature
of the stresses distribution arising in the polymer concrete compacted layer during
compaction on a vibrating platform, depending on the product size and the physical
and mechanical characteristics of the compacted material, is a very urgent task.

The purpose of this research is a theoretical study of the stresses change nature
arising in the polymer concrete compacted layer when compacted on a vibrating
platform with vertically directed vibrations.

2 Main Body

In article [22], a design diagramof the dynamic system«vibrating platform– polymer
concrete» was presented (Fig. 1).

As a result of the processes theoretical studies occurring in the dynamic system
«vibrating platform – polymer concrete», in which polymer concrete is presented as a
system with distributed parameters, the law of the vibrating platform movable frame
motion was determined, which interacts with polymer concrete in the compaction
mode.

The law of motion has the following form [22]:

u(x, t) = A√
(chαH cos kH)2 + (shαH sin kH)2

× [ch[α(H − x)] cos[k(H − x)] sin(ωt − ϕ)

+sh[α(H − x)] sin[k(H − x)] cos(ωt − ϕ)].

(1)

where H – is the height of the compacted layer; k – wave number; α – the vibra-
tion load absorption coefficient, which characterizes the decrease in the vibration
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Fig. 1 Design diagram of
the dynamic system
“vibrating platform
– polymer concrete” [22]: 1
– movable frame; 2 – elastic
shock absorber; 3 – base; 4
– mold; 5 – polymer concrete

amplitude with distance from the source of disturbance; A – the forced vibrations
amplitude of the vibrating platform moving frame and the polymer concrete lower
layer; ω – forced angular frequency; φ – phase angle; t – current time.

The forced vibrations amplitude of the vibrating platform movable frame and the
polymer concrete lower layer is determined from the expression [22]:

A = Q√[
c3 + cn − (m + mn)ω2

]2 + ω2b2n

, (2)

where Q – disturbing force amplitude; cn and bn – reduced coefficients of stiffness
and dissipative resistance of the compacted polymer concrete; mn – reduced mass of
the compacted polymer concrete.

Expressions for the analytical determination of the values k, α, cn , bn and mn are
defined in [22].

To theoretically determine the law of change in stresses arising in a layer of
polymer concrete compacted on a vibration platform, we substitute expression (1)
into the relationship between stress and deformation in polymer concrete [21]:

σ(x, t) = E1
∂u(x, t)

∂x
+ η ·

(
E1 + E2

E2

)
∂2u(x, t)

∂x∂t
−

(
η · ρ

E2

)
∂3u(x, t)

∂t3
, (3)

where σ(x, t) – stresses arising in the compacted layer of polymer concrete; u
and x – Euler and Lagrange coordinates; E1 and E2 – dynamic moduli of polymer
concrete elastic deformation; η – coefficient of dynamic viscosity, taking into account
internal friction in polymer concrete.

Substituting expression (1) into dependence (3), it could be defined the law of
changes in stresses arising in the polymer concrete compacted layer:
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σ1(x, t) =
A ·

√
E2
1 + λ2 · ω2 ·

√
k2 + α2

√
(chαH cos kH)2 + (shαH sin kH)2

× {chα(H − x) sin k(H − x) sin(ωt − θ1)

−shα(H − x) cos k(H − x) cos(ωt − θ1) − ξ · ω3
√
E2
1 + λ2 · ω2 ·

√
k2 + α2

×[chα(H − x) cos k(H − x) sin(ωt − ϕ) + shα(H − x) sin k(H − x) cos(ωt − ϕ)]},

(4)

where θ , ϕ3 and ϕ4 – phase angles

θ = ϕ − ϕ3 + ϕ4; ϕ3 = arctg(λω/E1); ϕ4 = arctg(α/k). (5)

From the analysis of the obtained expression (4), it can be concluded that the
forced vibrations amplitude A of the vibrating platform movable frame, the angular
frequency of the forced vibrationsω, the compacted layer height H , the wavenumber
k, and the vibration load absorption coefficient α have a significant effect on the
magnitude of the arising stresses σ(x, t).

From expression (4) it is possible to find the law of stress change at the compacted
layer base at x = 0:

σ1(0, t) =
A ·

√
E2
1 + λ2 · ω2 · √

k2 + α2

√
(chαH cos kH)2 + (shαH sin kH)2

× {chαH sin kH sin(ωt − θ1)

−shαH cos kH cos(ωt − θ1) − ξ · ω3

√
E2
1 + λ2 · ω2 · √

k2 + α2

×[chαH cos kH sin(ωt − ϕ) + shαH sin kH cos(ωt − ϕ)]} ,
(6)

and also on its surface at x = H :

σ1(H, t) = − A · ξ · ω3

√
(chαH cos kH)2 + (shαH sin kH)2

· sin(ωt − ϕ). (7)

The stresses that arise in polymer concrete from the action of the polymer concrete
layer own gravity can be determined based on the relationship [23]:

σ2(x, t) = −ρg(H − x). (8)

The total stress arising in the compacted polymer concrete under vibration action
can be determined from the dependence [23]:

σ(x, t) = σ1(x, t) + σ2(x, t). (9)
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Fig. 2 Change in the
vibration amplitude of the
vibrating platform moving
frame depending on the
relative density ε and the
compacted layer height H : 1
– at H = 50 mm; 2 – at
H = 60 mm; 3 – at H = 80
mm; 4 – at H = 100 mm; 5
– at H = 120 mm.
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The analysis of dependences (4), (8) and (9) shows that the stresses arising in the
polymer concrete compacted by vibration load are asymmetric. This means that the
magnitude of the compressive stresses is greater than the magnitude of the tensile
stresses. Consequently, a more efficient compaction of polymer concrete is provided.

Theoretical studies were tested on a laboratory vibrating platform with the
following parameters: the mass of the movable frame m = 24 kg; disturbing force
amplitude Q = 981 N; the angular frequency of the forced vibrationsω = 293 rad/s;
stiffness of elastic shock absorbers c3 = 235440 N/m; vibration amplitude of the
vibrating platform moving frame in idle mode Aim = 0, 47 mm. Polymeric concrete
in the form of 0, 3× 0, 3 m2 in plan size of the following structural composition was
compacted on a vibrating platform [24]: granite crushed stone of fraction 5–20 (50%
of the mixture total volume), river sand with a size modulus Mk = 1, 8 (22–27%);
marshalite fraction 0.05 mm (10–15%); Filabond 2000 PA polyester resin (5%);
hardener MEKPHA-2 (0.5 … 1%).

The change in the vibration amplitude of the vibrating platform movable frame
is shown in Fig. 2.

Amplitude curves are shown in Fig. 2. They show that the physical andmechanical
characteristics of the compacted polymer concrete, its relative density ε and the
compacted layer height H have a significant effect on the vibration amplitude of the
vibrating platform moving frame.

The vibration amplitude A of the vibrating platformmovable frame increases with
the selected vibration exposure mode with an increase of the compacted layer height
H .

In this case, in the vibration compaction process, with an increase in the polymer
concrete relative density ε from 0 to 1 at a layer height of H = 50 mm, the amplitude
of forced vibrations A of the vibrating platform movable frame and the polymer
concrete lower layer is equal 0.59 mm and practically does not change.

When compaction of polymer concrete layers with heights H of 60 and 80 mm
with an increase in the polymer concrete relative density ε from 0 to 1, the forced
vibrations amplitude A of the vibration platform movable frame and the polymer
concrete lower layer decreases from 0.63 to 0.61 mm at H = 60 mm and from 0.73
to 0.65 mm at H = 80 mm.
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When compaction of layers with heights H of 100 and 120 mm with an increase
in the polymer concrete relative density ε from 0 to 1, there is a significant decrease
in the vibration amplitude A of the vibrating platform movable frame, respectively,
from 0.93 to 0.65 mm at H = 100 mm and 1.26 mm and 0.57 mm at H = 120 mm.

The change in the stress amplitude at the base σ(0) and on the surface σ(H) of
the compacted layer depending on the relative density of polymer concrete is shown
in Fig. 3 and 4.

The graphical results shown in Fig. 3 and 4 demonstrate that with the selected
vibration mode, when compaction of layers with a height H of 50, 60 and 80 mm
with increasing relative density ε, the stress amplitude increases both in the base
σ(0) and on the surface σ(H) of the polymer concrete compacted layer.

With a layer thickness of 120 mm, at the final stage of the compaction process,
the stress amplitude in the compacted layer decreases from 5689 to 5591 Pa at the
compacted layer base (Fig. 3) and from 1962 to 578 Pa on the compacted layer
surface (Fig. 4). Consequently, the duration of the vibration compaction process will
increase.

Fig. 3 Changes in stresses at the base σ(0) of the polymer concrete compacted layer depending on
the relative density ε and the compacted layer height H : 1 – at H = 50 mm; 2 – at H = 60 mm; 3
– at H = 80 mm; 4 – at H = 100 mm; 5 – at H = 120 mm

Fig. 4 Changes in stresses on the surface σ(H) of the polymer concrete compacted layer depending
on the relative density ε and compacted layer height H : 1 – at H = 50 mm; 2 – at H = 60 mm; 3
– at H = 80 mm; 4 – at H = 100 mm; 5 – at H = 120 mm
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One of themain parameters that determine the compacted layers stress–strain state
and, as a consequence, the quality of the resulting polymer-concrete compositions,
is the nature of the stress distribution along the compacted layer height H .

Graphs of stress changes σ along the compacted layer height H are shown in
Fig. 5, 6, 7, 8 and 9. The obtained theoretical expressions (4), (8) and (9) were used
to construct these graphs. The compacted layers height H was taken equal to 50, 60,
80, 100 and 120 mm.

In this case, each layer in height H was divided into a number of intermediate
values. For example, for the layer height H = 120 mm, for each relative deformation
ε, the stress values were determined by intermediate values of the height, i.e. at x =
0, 20, 40, 60, 80 and 120 mm.

The values of the relative density ε were taken equal to 0, 0.25, 0.5, 0.75 and 1.
The angular coordinate values ωt were taken in the range from 0° to 270°. Stress

values were determined for each value of the intermediate height x and relative
density ε every 10°, i.e. for angular coordinates ωt = 0°, 10°, 20°, 30°, 40° …
0.270°.

The largest values of one sign were chosen from the obtained series of numerical
values of stresses.

Fig. 5 Change in stresses σ along the polymer concrete compacted layer height at H = 50 mm

Fig. 6 Change in stresses σ along the polymer concrete compacted layer height at H = 60 mm
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Fig. 7 Change in stresses σ along the polymer concrete compacted layer height at H = 80 mm

Fig. 8 Change in stresses σ along the polymer concrete compacted layer height at H = 100 mm

Fig. 9 Change in stresses σ along the polymer concrete compacted layer height at H = 120 mm
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Analysis of the graphs in Fig. 5 and 9 indicates that the height H and relative
density ε of the polymer concrete compacted layer has a significant effect on the
value of stresses. So the stress amplitude σ has the greatest values in the polymer
concrete lower layers, which interact with the vibrating platform moving frame.

This is due to the fact that the polymer concrete lower layers are located in close
proximity to the source of disturbance and at the same time experience additional
vertical compressive stresses from the action of the polymer concrete layer gravity
forces.

The stress amplitude σ decreases rapidly with an increase in the compacted layer
height H . This is because with an increase in the compacted layer height H , there is
a simultaneous decrease in the magnitude of vertical compressive stresses from the
action of gravity forces, as well as a distance from the disturbance source, as a result
of which the amplitude of oscillations A decreases. As a result, the upper layers will
be under compacted and, as a result, have lower mechanical strength.

Therefore, to intensify the compaction process at these heights, it is necessary
either to change the vibration frequency or to use a cantledge.

3 Conclusion

As a result of the dynamic system “vibrating platform polymer concrete” studies,
theoretical expressions were obtained. The expressions make it possible to determine
the law of stresses changes arising in the polymer concrete compacted layer during
its compaction on the vibratory platform, depending on its physical and mechanical
characteristics, the amplitude and frequency of forced vibrations and the compacted
layer height.

The found dependences make it possible to determine the nature of stress changes
along the compacted layer height of polymer concrete, depending on the relative
density. The results obtained are the basis for further theoretical studies on the analyt-
ical law definition of motion and changes in stresses arising in the polymer concrete
compacted layer under the action of an inertial or vibration cantledge on it.
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Experimental Study of the Efficiency
of the Differential Pump
of Electromagnetic Action on the Basis
of Mathematical Modeling
of the Parameters of Its Operation

Bogdan Korobko , Anton Kivshyk , and Dmytro Kulagin

Abstract The operation of a differential pump of electromagnetic action operating
on the principle of an inductive electromagnetic accelerator is considered. To improve
the accuracy of engineering calculations and analysis of the pump, its mathematical
model was developed using Newton’s and Hooke’s laws, the method of dimensional
analysis, the Reynolds and Froud criteria. The analysis of the mathematical model of
the pump operation was carried out and the design parameters that most influence the
efficiency of its operation were determined. The problem of improving the operation
of the differential pump by increasing the speed of its valves is solved. The dynamics
of the relative motion of the discharge valve of the plunger of the differential pump
is analyzed, using the mathematical model of its operation. A parametric expression
is obtained that determines the operation time of the differential pump valve. On
this basis, directions for improving the operation of the pump were found and tested
experimentally on a prototype. The dependence is obtained, which allows to draw
conclusions about which parameters directly affect the value of the valve operation
time: spring stiffness, plunger size, location of the ball relative to the coil winding,
friction forces of the sleeve seals, energy loss in valve assemblies. It is established
that uniform pumping of the material is achieved by reducing the time to open and
close the discharge valve, which is achieved by reducing the weight of the shut-off
element. The operation of pump valves with shut-off elements made of different
materials has been investigated experimentally. The value of the parameter of the
mass of the shut-off element at which the optimal mode of operation of the pump is
achieved. By setting the minimum operating time of the pump valve, its performance
is improved.
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One of the problems in finishing work in construction is the creation of effective
designs of pumps for pumping finishing materials. This problem is solved by the use
of electromagnetic pumps operating on the principle of inductive electromagnetic
accelerator. The undeniable advantage of this design is its relative simplicity and
minimal number of moving parts.

However, minimizing the operating time of the working body of the pump will
significantly improve its performance and expand its scope.

The problem with improving the design of modern pumps is the relatively low
accuracy of engineering methods of their calculation, including calculations of their
characteristics in nominal conditions.

The analysis of mathematical model of work of the pump will allow to reveal the
most significant parameters variation of which will enable reaching the minimum
time of operation of a working body of the pump.

1 Review of the Latest Research Sources and Publications

Electromagnetic pumps for pumping finishing materials are alternate current hydro-
dynamic machines. The moving part in them is the working body and the mixture
that is pumped due to the action on the plunger of the magnetic field created by the
alternate current winding [1, 2].

After analyzing the existing models of pumps, it was found that the differential
pump of electromagnetic action is not sensitive to external factors, has the highest
efficiency among analogues due to the small number of parts that are subject to active
wear. The design of the differential pump provides its mobility and convenience in
operation. In works [3–8] the analysis of the existing constructive schemes of the
equipment, the basic means of small mechanization of manual work in construction,
types of working bodies of mortar pumps is carried out, authors [10–16] offered a
new design of the small differential pump of electromagnetic action.

The authors of [9] obtained mathematical models in the form of differential equa-
tions that reflect the variation in time of the speed of the plunger of the differential
pump for finishing materials in the full cycle, presented a graphical interpretation of
changes in the speed of the plunger over time. Also in [9] by analyzing the mathe-
matical model, some geometrical parameters of the pumpwere improved, such as the
size of the spring to ensure the preservation of mechanical energy during operation.
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2 Problem Statement

Therefore, the purpose of this study is to further improve the design of the differential
pump of electromagnetic action based on the analysis of the parameters included in
the mathematical model of its work, obtained by the authors in [9]. For this purpose
it is necessary: to analyze dynamics of relative movement of the discharge valve of
the plunger of the differential pump, using mathematical model of its work. Obtain
a parametric expression that determines the operating time of the differential pump
valve. On this basis, find ways to improve the operation of the pump and test them
experimentally on a prototype.

3 Basic Material and Results

In this research it’s investigated the design of the differential pump for injection of
finishing material, the structure of which is shown in Fig. 1.

The working element of the pump is a steel plunger, which moves in translational
motion. When an electric current is applied to the drive of the differential pump, the
force of the magnetic induction moves the plunger to the left.

When the working body moves at different intervals, the discharge and suction
valves work alternately (Fig. 2).

Therefore, the drive of the pump 3 is supplied with an electric voltage, which has
an alternating nature and forms a magnetic field, the force of which is directed at
the plunger, moving it to the left. The plunger begins to retract into the coil, closing
the suction valve and opening the discharge. The working chamber of the pump is
filled with finishing material. During the transportation process, the pressure in the
magnifying fitting begins to rise. The increase in the speed of the working body is due

Fig. 1 Differential pump of electromagnetic action: 1—plunger; 2—frame; 3—coil; 4—magnetic
coil; 5—suction cavity; 6—compensation spring; 7—working spring; 8—suction valve; 9—
discharge valve; 10—compensation chamber; 11, 12—injection and suction fittings; 13, 14—cuff
seals
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Fig. 2 The main design of
the pump

to the increased pressure of the whitewashing material. In the first cycle of pumping
begins to compress the working spring 7 and lengthen the compensation spring 6.

As the coil current decreases, the magnetic induction decreases and, at the same
time, the speed of the plunger decreases—until the cessation of movement. However,
the stop of the working body is carried out a little earlier than the complete reduction
of magnetic induction—when the moment of balance of magnetic induction and
compression force of the working spring 7. When the sinusoid changes direction,
the diode in the power supply removes its lower part and during the movement of
working body to the right the magnetic field doesn’t act upon the plunger.

The length of the working spring increases by pushing the plunger to the right.
The speed of the working body begins to increase. When passing the plunger in
the extreme right position, the discharge valve 9 is closed and the pumping cycle is
repeated. The increase in transport pressure is proportional to the increase in travel
speed.

At the same time, the absorption valve 8 opens and the finishingmaterial is poured
into the working volume of the pump. When changing the position of the plunger
to the right, the resistance of the working spring 7 decreased. The increase in the
length of the spring is limited by the force from the whitewashing material, the force
of retraction of the finishing material into the working chamber and the resistance
of the compensating spring. As the force of ejection of the spring 7 decreases, the
speed of the working body decreases, while the performance of the pump decreases.

By the time the plunger stops, current is supplied to the solenoid and the transport
process is repeated.

Thus, the process of pumping themixture by the pump consists of two cycles, each
of which is primarily determined and depends on: the nature of the corresponding
movement of the working plunger and those moments ti when the discharge and
suction valves are opened and closed.

Among other factors for improving and harmonizing the operation of the pump
is related to the knowledge of which parameters depend on these time points ti. To
establish one of these dependences, we examine the dynamic state of the discharge
valve 9 of the plunger 1, considering this valve as amaterial pointwhosemass is equal
to the mass m9 of this valve, and entering into consideration the coordinate system
OXY and O1X1Y1. The beginning of the reference of the Oxy system is connected
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Fig. 3 Kinematic scheme of the differential pump valve due to the influence of bodies on each
other, taking into account the force of inertia

with the Earth, which determines its inertia, and the beginning of the reference of
the system O1x1y1 is connected with the plunger 1 (Fig. 3).

Since in [9] it was found that this plunger moves translationally, but unevenly,
according to [10] the coordinate system O1x1y1 is non-inertial.

The motion of bodies in inertial reference frames can be described by the same
equations ofmotion as in inertial ones, if, alongwith the forces causedby the influence
of bodies on each other, the forces of inertia are taken into account.

Consider the dynamics of the relative motion of the discharge valve of the plunger
during the first cycle of pumping. The basic equation of the dynamics of the absolute
movement of the discharge valve is as follows.

m9 ∗ �a9 =
λ∑

i=1

�Fi (1)

where �a9—absolute acceleration of the valve;
λ∑

i=1

�Fi—geometric sum of forces acting

on the valve; λ—the number of these forces.
Since in this case the portable movement for the valve is the translational move-

ment of the plunger, the absolute acceleration is equal to the geometric sum of two
accelerations: relative and portable, in which case due to the translational type of
portable movement Coriolis acceleration of the valve is absent.

Given the above, the law of absolute movement of the valve takes the form.

m ∗ �ar9 + m ∗ �ae9 =
λ∑

i=1

�Fi (2)

Determining the product of the mass of the valve on its relative acceleration, we
obtain the basic equation of the dynamics of the relative movement of the valve in
the form:
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m9 ∗ �ar9 =
λ∑

i=1

�Fi + �Φe
9 (3)

The last equation shows that the relative movement of the valve can be considered as
absolute if to the forces acting on this valve to add its transfer force of inertia. That
is, in the inertial reference system OXY the movement of the valve is only the result
of forces acting on it (or the result of its mechanical interaction with other material
bodies), and in the non-inertial system O1X1Y1 the movement of the valve is both
the result of forces acting on it and the result of the O1X1Y1 If the action of forces is
a dynamic factor in the acceleration of the valve, then the movement of the reference
system is a kinematic factor in the establishment of this acceleration.

If we replace the portable movement of the valve with the movement of the
plunger, replace the acceleration of the plunger according to Newton’s second law
and project the vector equality on the horizontal axis, we obtain an expression to
determine the projection of the acceleration of the plunger on the axis Ox.

(4)

where v—the speed of the working plunger; x—is the coordinate that determines
the position of the plunger in the inertial coordinate system OXY; m—mass of the
plunger; Q0—the maximum value of the modulus of the driving (turbulent) force
generated by the magnetic induction of the coil of the differential pump acting on
the plunger; τ—the time of movement of the plunger to the left from its initial
position to the final; c6—is the stiffness coefficient of the compensation spring; c7—
is the stiffness coefficient of the working spring; l6ned—the length of the undeformed
compensation spring; ς6—the length of the spring in the extreme right position of
the plunger; k—is the dimensionless coefficient; γ—“diameter reduction factor”;
μ—coefficient of dynamic viscosity of the finishing material pumped by the pump;
d1—is the inner diameter of the body (cylinder) of the working plunger (or the outer
diameter of the plunger, or the diameter of the suction working cavity (chamber).

Having the equation of relative motion of the discharge valve, rejecting the
balanced systems of forces, consider the forces acting directly on it:

– the force of elasticity of the spring;
– force of injection pressure, which is a measure of mechanical action on the valve

of the part of the finishing material that is being processed by the pump, which
is already in the discharge cavity (chamber) and outside the pump in the network
(in the pipeline);

– the force of excess pressure, which is a measure of the mechanical action on the
valve of the part of the finishing material, which is filled with the suction working
cavity (Fig. 4).
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Fig. 4 Kinematic scheme of the pump valve

Let’s find out the meaning of these forces. According to Hooke’s law, the modulus
of elastic force is equal to the product of the stiffness coefficient for spring defor-
mation. The force of injection pressure depends on the specific location in the space
of the injection network (pipeline); we assume in this study that in the conditions of
each of the possible cases the modulus of this force is a constant.

Excess force is not constant and is quite difficult to dependon several technological
and design parameters, but the most influential on the value of the modulus of this
force is the value of reducing the volume of the suction working cavity (chamber).

We take into account that the discharge valve carries out its relativemovement only
along the axis O1× 1 due to which the vectors of its relative acceleration and relative
velocity are projected on this axis only in real (natural) quantities. Substituting all the
values and values set in one way or another in the acceleration equation, we obtain
the equation of change in the amount of relative movement of the valve:

(5)

As for emergence and growth of speed of movement of the valve it is necessary to
fulfill conditions of growth of quantity of movement that mathematical condition of
movement of the valve (after integration of both parts within size of time of opening
of the injection valve)

(6)

The obtained dependence allows us to draw conclusions about which parameters
directly affect the value of the valve operation time. It is impossible to obtain its
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analytical solution due to incoherent integrals in the right part, however, the influence
of parameters is obvious, including: spring stiffness, plunger size, location of the ball
relative to the coil winding, friction seals, energy loss in valve assemblies.

The greatest influence on energy losses in the valve units of the pump is the ratio
of the diameters of the ball and the socket (which is 4/3), the height of the ball above
the plane of the socket, the mobility of the mixture and the mass of the locking
element.

Thus, it is established that uniformpumpingof thematerial is achievedby reducing
the time to open and close the discharge valve, which is respectively achieved by
reducing the weight of the shut-off element (Fig. 5).

To study the effect of the mass of the shut-off element on the speed of the valve,
an experiment was conducted during which the operation of the pump with shut-off
elements made of different materials was investigated.

To determine the speed of operation of the valve with a shut-off element from the
above materials, it was first determined the mass of each of them (Table 1):

Acceleration and operating time were determined experimentally, the influence
of resistance and density of the pumped medium was neglected because its area of
interaction with the shut-off element is insignificant. The authors also suggested that
the speed of the shut-off element and the plunger are equal, based on the fact that
the discharge valve is mounted in the plunger.

Fig. 5 Locking elements
from different material (from
left to right): plastic, steel,
rubber, cold welding, epoxy
glue

Table 1 Masses of locking elements

# Locking element material The average value of the mass from a series
of 6 measurements, g

1 Polyvinyl chloride (plastic) 0,221

2 Glue on the basis of epoxy resins of cold
hardening (epoxy glue)

0,304

3 Rubber amortization, special (rubber) 0,432

4 Crystallized metal welded bath (cold
welding)

0,431

5 Low-carbon steel with a density of
7.86 g/cm3

0,862
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Table 2 Dependence of mass and acceleration of the locking element on the material from which
it is made

# Locking element material Acceleration of the locking element m/s2

1 Polyvinyl chloride (plastic) 0,04

2 Glue on the basis of epoxy resins of cold
hardening (epoxy glue)

0,03

3 Rubber amortization, special (rubber) 0,02

4 Crystallized metal welded bath (cold
welding)

0,02

5 Low-carbon steel with a density of
7.86 g/cm3

0,01

Fig. 6 Diagram of the
dependence of the operating
time of the discharge valve
on the material of the
shut-off element

The operating time of the discharge valve was determined by Newton’s second
law and the dependences of classical dynamics. The obtained data are shown in
Table 2.

As you can see from the table, the locking element has the greatest acceleration,
made of plastic. Using the described technique, it was determined that for the locking
element made of plastic, the valve speed will be 8.63 m/s.

The dependence of the operating time of the discharge valve on the material from
which the shut-off element is made, is shown in Fig. 6.

4 Conclusions

To increase the accuracy of engineering calculations and analysis of the pump, its
mathematical model was developed.

The analysis of the mathematical model of the pump operation is carried out.
The dynamics of the relative movement of the discharge valve of the plunger of the
differential pump is analyzed taking into account the forces of inertia. A parametric
expression is obtained that determines the operation time of the differential pump
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valve. The design parameters that determine the effectiveness of its work were deter-
mined. These include: spring stiffness, plunger size, location of the ball relative to
the coil winding, friction forces of the seals, energy loss in the valve assemblies. The
greatest influence on energy losses in the valve units of the pump is the ratio of the
diameters of the ball and the socket (which is 4/3), the height of the ball above the
plane of the socket and the mobility of the mixture.

The operation of pump valves with shut-off elements made of different materials
has been investigated experimentally.

The value of the parameter of themass of the shut-off element at which the optimal
mode of operation of the pump is achieved.

References

1. Parfyonov EP (1972) Determination of the performance of piston mortars. Mekh. tools and
finishing machines: information Scientific-Technical Sat, vol 4, pp 12–13. TsNIITEstroymash

2. KorobkoB,Vasyliev IE (2017)Testmethod for rheological behavior ofmortar for buildingwork
Acta mechanica et automatica 11/3(41):173–177. https://doi.org/10.1515/ama-2017-0025

3. Korobko B, Vasiliev A, Rogozin I (2015) The analysis of mixture kinematics in the mixer body
frame with a screw elevator with variable generatrix. Eastern-Eur J Enterp Technol 3(7):48–52.
https://doi.org/10.15587/1729-4061.2015.4305348-52

4. Mortelpumpen und ihre Entwicklung (1969) Fordern und Heben, no 15 (Germany)
5. EP 0200026, INT. Cl. 4 F 04 B 43/12, 15/02. Neumuller pumps Walter, Sturmer Gerhard.

10.12.1986. Patentblatt 86/45
6. Rohozin I, Vasyliev O, Pavelieva A (2018) Determination of building mortar mixers effec-

tiveness. Int J Eng Technol 7(3.2) (S.I. 2):360–366. https://doi.org/10.14419/ijet.v7i3.2.
14553

7. Shapoval MV, Virchenko VV, Skoryk MO, Shpilka AM (2019) Improving the efficiency of the
pump by using a hydraulic actuator. In: Collection of scientific papers of the II international
Ukrainian-Azerbaijan conference “building innovations—2019”, 23–24 May 2019, pp 202–
205. PoltNTU, Poltava

8. Emelyanova IA, Shapoval MV (2017) Determination of productivity and volumetric efficiency
of the mortar pump, depending on the geometric parameters of the suction chamber and the
compensators of various design solutions. Sci Bull Constr 88(2):195–203

9. Kukoba AT, Vasilyev AV (2000) Investigation of the volumetric efficiency of a hydraulic drive
mortar. In: Collection of scientific works (branch mechanical engineering, construction, vol 5,
pp 19–24. Polt. state. tech. Yuriy Kondratyuk. PDTU, Poltava

10. Kukoba AT, Vasilyev AV, Yakubtsov OM (2000) The impact of the law on the piston against
capacious efficiency pump. In: Collection of scientificworks (branch engineering, construction,
vol 6, pp 12–17. Polt. state. tech. Yuriy Kondratyuk. Part 1. PDTU, Poltava

11. Kukoba AT, Korobko BO, Vasilyev AV (2000) Changing the volume of the mortar mixture
during pumping with a solution pump. Mechanization of Construction, 3

12. Shapoval MV (2013) Analysis of the effect of flow pressure on the volumetric pump efficiency.
In: Collection of scientific works sectoral mechanical engineering, construction, vol 1, no 36,
pp 19–204. PoltNTU, Poltava

13. Korobko B (2016) Investigation of energy consumption in the course of plastering machine’s
work. Eastern Eur J Enterp Technol 4(8–82):4–11. https://doi.org/10.15587/1729-4061.2016.
73336

14. KorobkoB,VirchenkoV,ShapovalM (2018) Feed solution in the pipeline aith the compensators
mortar pump of various design solutions pressure pulsations degree determination. Int J Eng
Technol (UAE) 7(3):195–202. https://doi.org/10.14419/ijet.v7i3.2.14402

https://doi.org/10.1515/ama-2017-0025
https://doi.org/10.15587/1729-4061.2015.4305348-52
https://doi.org/10.14419/ijet.v7i3.2.14553
https://doi.org/10.15587/1729-4061.2016.73336
https://doi.org/10.14419/ijet.v7i3.2.14402


Experimental Study of the Efficiency of the Differential Pump … 213

15. Korobko B, Khomenko I, Shapoval M, Virchenko V (2020) Hydraulic single pump with
combined higher volume compensator operation analysishttps://doi.org/10.1007/978-3-030-
42939-3_12

16. Korobko B, Zadvorkin D, Vasyliev I (2017) Study of the operating element motion law for a
hydraulic-driven diaphragmmortar pump. EasternEur J EnterpTechnol 4(7–88):25–31. https://
doi.org/10.15587/1729-4061.2017.106873

https://doi.org/10.1007/978-3-030-42939-3_12
https://doi.org/10.15587/1729-4061.2017.106873


Air Filter Throughput Impact
Experimental Study on Internal
Combustion Engine Fuel Efficiency

Bogdan Korobko , Anatolii Kryvorot , Maksym Skoryk ,
and Viktor Virchenko

Abstract The article discusses the estimated indicators of fuel efficiency of vehi-
cles. It was established that analytical and experimental data on determining the fuel
efficiency of vehicles have a significant discrepancy. It was found that well-known
mathematical models do not take into account the purity of the air filter element for
fuel efficiency. Experimental studies were performed and processed, mathematical
dependence between the specified parameters was established: air filter throughput
and angular speed of crater shaft of internal combustion engine. The obtained math-
ematical dependence, in the form of a second degree polyonomy, is suitable for use
according to the criteria of Student and Fisher. It is determined that in the future the
found regression equation can be used to determine the fuel consumption of cars
depending on the pollution of the air inlet system of engines.

Keywords Vehicle · Fuel costs · Planning an experiment

1 Introduction

Adecisive trend in the development ofmodern vehicles is to increase their operational
qualities.

Fuel efficiency is a corresponding set of properties that determine fuel consump-
tion when the car performs work in different operating conditions. This property of
the car allows the driver to determine the fuel consumption per unit kilometer. The
main indicator is fuel consumption per 100 km. At the same time, fuel consumption
is distinguished when driving along the urban cycle and outside settlements. The
cost of the city cycle will always be greater [1].

The estimated indicators of fuel consumption, that is, the efficiency of the vehicle
in general is denoted by such indicators of the engine as hourly fuel consumption
GT, kg/h—the mass of liquid fuel consumed in one hour of engine operation, and the
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specific fuel consumption ge, g/(kW h)—the mass of liquid fuel required per hour
per unit of engine power.

In most European Union countries and in our country, the main measure of fuel
efficiency of the vehicle is the consumption of liquid fuel in volume (liters) per
100 km of traveled pathway—(road fuel consumption) QS, l.

To assess the effective fuel consumption when performing transport work by car,
the concept is used as fuel consumption per unit of transport work (100 t km) Q W,
l—the ratio of the actual volume of fuel to the work done.

In the United States, along with the track consumption, they use a reverse meter—
the length of the way to the volume of fuel consumed.

Consequently, reducing fuel consumption by cars equipped with internal combus-
tion engines is considered one of the most important activities of all interested
structures, ranging from designers and vehicle developers, research and testing and
repair services and structures, legal entities and individuals who operate them to
various enterprises, including vehicles engaged in cargo or passenger transportation,
organizations and firms, and ending this list with private individuals.

2 Analysis of the Latest Sources of Research
and Publications

Currently, prices for petroleumproducts are 14-20%of all costs for the cars operation,
so it is desirable to use vehicles with the highest efficiency to perform transportation
work. With the reduction of fuel consumption by cars, the emissions of carbon
monoxide into the environment are also reduced, which leads to the improvement
of the ecological environment. Vehicle fuel efficiency determines the rational use of
fuel for transportation, both cargo and people, under different operating conditions.
To determine the estimated vehicle fuel efficiency, a generalized equation of fuel
consumption equation is required. But this is not really real, because the design
schemes of cars differ from each other [1–12].

In general, the engine produces N power, kW, and the specific fuel consumption of
the engine is equal to ge, g/kW · h, when driving the car, the hourly fuel consumption
will be:

Qhour = qe · N
1000

, (1)

Qhour = qe · N
1000 · ρT

, (2)

where ρT—fuel density, kg/m3.
To overcome the car’s range of 100 km at a speed of V, km/h, the required amount

of fuel, l/100 km, will be

QS = qe · N
10 · V · ρT

, (3)

where N—total engine power, kW.
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The specified power is necessary for the movement of the car, that is, to over-
come all resistance forces, in accordance with the powerful balance consists of the
following parts:

– loss of power in the transmission; NTp

– spent power to overcome the rolling resistance of the wheels; N f

– spent power to overcome the rise of the road; Nh

– spent power to overcome air resistance; Nn

– spent power to overcome the acceleration of the vehicle.N j

When determining all the specified components, you can get the total engine
power required to drive the vehicle into motion

N = Ma · g · (sin α + f · cosα) · V + K · F · V 3 + Pj · V
1000 · ηm . (4)

After substitution of the formula in the expression and mathematical conversion,
the fuel consumption will take the form (4) (3)

QS = qe
10 · ρT

· Ma · g · (sin α + f · cosα) · V + K · F · V 3 + Pj · V
1000 · ηm . (5)

From the theory of cars [1–7], the force spent on overclocking all the masses of
the vehicle, moving rotating and moving in a moving way, has the form

Pj = δ · Ma · dV
dt

. (6)

Having substituted this force into a formula and turning the speed of the car from
m/s to km/h, we get (5)

QS = qe
104 · 3, 6 · ηm · ρT

×
(
Ma · g · ( f · cosα ± sin α) + 1

3, 62
KB · F · V 2 + δBPMa · dV

dt

)
.

(7)

Taking into account thework of well-known scientists in the field of road transport
[1–7], we come to the conclusion that in the expression it is advisable to introduce the
coefficient of opposition to the road, thenweget such an equation of fuel consumption
(7) ψ = f · cosα ± sin α

QS = qe
104 · 3, 6 · ηm · ρT

×

⎛
⎜⎜⎝

Ma · g · ψ + 1

3, 62
KB · F · V 2

+δBPMa · dV
dt

⎞
⎟⎟⎠. (8)



218 B. Korobko et al.

The Eq. (8) makes it possible to assess the quantitative influence of factors that
affect economic indicators in different modes of the vehicle.

For a sustainable speed of the car on the horizontal part of the road surface, the
force is absent, so fuel costs are reduced to expression Ph .

QS = qe
104 · 3, 6 · ηm · ρT

×
(
Ma · g · f + 1

3, 62
KB · F · V 2

)
. (9)

And when moving the car on the rise

QS = qe
104 · 3, 6 · ηm · ρT

×
(
Ma · g · ψ + 1

3, 62
KB · F · V 2

)
. (10)

All presented expressions do not take into account the technical condition of the
car, namely, the technical condition significantly affects unproductive energy costs,
causing an increase in fuel consumption. The most significant impact are engine
malfunctions, especially—inlet and power supply systems. Well-known mathemat-
ical models and automatic control systems for the process of supplying fuel mixture
do not take into account the purity of the filter air element.

Setting a Task. The purpose of this article is to highlight the results of experimental
studies of the fuel efficiency of the internal combustion engine 4G18, depending on
the throughput of the air filter.

Main Material and Results. For the object of research in this work, it was decided
to take a four-cylinder atmospheric engine 4G18 with a working volume of 1.6 L
and euro-5 toxicity standards, which is massively used by the Mitsubishi Concern.

In order to establish optimal fuel consumption by the engine and obtain a math-
ematical dependence describing this process, the planning of the experiment was
applied. Since the main factors affecting the fuel consumption of the engine, with a
serviceable fuel injection system, are the filter element throughput and the angular
velocity of the crankshaft, and the appearance of the resulting dependence is unknown
decided to adopt a two-factor three-level plan of the experiment [13, 14].

To simulate air filter pollution (Fig. 2), initially the filter rinse was determined,
which is 360.75 cm2, which corresponds to 100% of the patency. Accordingly, 50%
of the patency is an area of 180.37 cm2, and 75% of the throughput is 270.56 cm2.

After the above data, we perform two stencils made of durable cardboard with a
permeability of 50 and 75%, which are shown in Fig. 3 and 4, respectively, and will
be installed in front of the filter element (Fig. 1 ).

To register the results of the study, the ELM 327 canner was used to find and
eliminate errors in the electronic systems of the car engine, as well as to visualize
various parameters of the engine and car.

Experimental studies were carried out in the laboratory of technical diagnostics
of cars of the National University «Yuri Kondratyuk Poltava Polytechnic» (Fig. 5).
Initial working conditions: the engine was heated to the operating temperature,
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Fig. 1 New filter element
Luftfilter PMC AP175

Fig. 2 Scheme of the air
filter uniform division.

Fig. 3 Stencil with a
patency of 50%
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Fig. 4 Stencil with a
patency of 75%

Fig. 5 The process of experimental research

namely 92 °C, the exhaust system is wearing a sleeve for exhaust gases output.
The ambient temperature was 10 °C with atmospheric pressure of 745 mm Hg. The
time of each of the experiments is 60 s.

During the experiment, the factors varied on three levels—average (main), lower
and upper, far from the main one by the same value. The values of the intervals of
factors varying and the range of values studied is shown in Table 1.

To simplify records and subsequent calculations, the upper level of factors is
indicated by the symbol (+), the middle level—(0), and the lower level—(–). The
value of minute fuel consumption at different purity of the filter element and at
different angular velocity of the crater shaft is determined according to the plan
given in Table 2.

Table 1 Values of intervals of factors varying

Factors Variation intervals

Cleanliness of the filter element, % (cm2) 180,37–360,75

Angular velocity of crater shaft and internal combustion engine, rad/s 157–366,33
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Table 2 Three-level plan for conducting experiments with the number of factors

During the experiment on determining fuel costs, the experiments are divided into
groups so that the experiments at zero point are evenly distributed among others. In
particular, we accept the following procedure for the implementation of the plan:
experiments 1, 2, 9, 3, 7, 4, 5, 10, 6, 7, 8, 11.

The results of experiments are processed usingmethods of mathematical statistics
[13, 14].

For plans of the second order in a two-fact experiment, we obtain an algebraic
equation in the form of

−
yi = b0 + b1x1 + b2x2 + b11x

2
1 + b22x

2
2 + b12x1x2, (11)

where—minute fuel costs studied;
−
yi .

x1, x2 —initial factors;
b0 , b1 , b2 , b11 , b22 , b12 —coefficients of the equation.
Having determined by the method [15, 16] coefficients and sub stating them in

the resulting regression equation in code form (11)

−
yi = 0, 05128− 0, 003x1 + 0, 021342

+ 0, 00182x21 − 0, 00118x22 − 0, 00125x1x2.
(12)

In the future, the Eq. (12) is clarified by checking the difference between
coefficients band from zero according to the Standard criterion.

For the convenience of further calculations of the Eq. (12) lead to a natural
appearance (13).
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Fig. 6 Graphic dependence of minute fuel consumption on the gradual increase in the angular
velocity of the crankshaft and the engine 4G18 with a fixed permeability of the air filter element

G = 1, 66122 · 10−7 · A2 − 6, 62099 · 10−8 · A · ω − 0, 0000862 · A
−1, 07705 · 10−7 · ω2 + 0, 00028 · ω + 0, 00174 (13)

Using the Eq. (13) we build graphical dependences of fuel costs on two factors,
namely the throughput of the air filter and the angular velocity of the crater shaft of
the engine Fig. 6 and 7.

Analyzing the data presented in Fig. 6, we can conclude that even not significant
pollution of the air filter leads to an increase in x of the fuel consumption at a rotational
speed of the crater shaft of the engine over 2000 rpm.

Analyzing Fig. 7, we conclude that with the increase in the permeability of the
air filter element, minute costs decrease, and the greater the speed of the crater shaft
of the engine, you are more obvious in the steepness of the fallout of the curves.

Based on the research, the following recommendations can be taken to reduce
fuel consumption during the operation of vehicles:

– be sure to observe the frequency of replacement of the air filter;
– every 1000 km of mileage, it is necessary to clean the side house for particulate

particles;
– every 1000 km of mileage, blow the air filter in compressed air.
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Fig. 7 Graphic dependence of minute fuel consumption on a gradual increase in the area of cross
section of the filter element at a fixed angular velocity of the crater shaft of the internal combustion
engine 4G18

3 Conclusions

As a result of experimental studies, mathematical dependences were established
between the specified parameters: air filter throughput and the angular veloce of the
crater shaft of the internal combustion engine.

On the basis of the experimental studies, practical recommendations for improving
the fuel efficiency of vehicles have been clarified.
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Solution Pressure Pulsations
into the Pipeline Size Determination
in Dependence on Constructive
Parameters of Valve Units of Mortar
Pump

Bogdan Korobko , Inna Khomenko , Mykola Shapoval ,
and Viktor Virchenko

Abstract The article considers a single-piston mortar pumpwith electromechanical
drive, ball suction and spring-loaded discharge valves, a special insert in the suction
chamber and a compensator of increased volume.

The analysis of the influence of hydrodynamic pressure on the valve balls is carried
out taking into account all the design parameters of the hydraulic part of the mortar
pump.

The mechanisms of action of the hydrodynamic pressure force on the ball from
the side of its solution flow on the valve ball due to such factors as the cumulative
flow of the solution through the hole in the valve seat are established; the influence
of normal and tangential stresses that occur in the surface layer on the surface of the
valve ball and occur when the solution has a structured viscosity.

Keywords Single-piston mortar pump with combined compensator of increased
volume · Suction chamber · Suction and discharge valves · Volumetric efficiency ·
Mobility of the solution

1 Introduction

The main directions of development of mortar structures development are analyzed
and analytical analysis of single-piston mortar pump with combined compensator of
increased volume is carried out. Introduction of a mortar in the design, namely the
installation of a special insert, which should ensure a decrease in back leaks through
the suction valve, which will ensure the growth of the volumetric efficiency of the
mortar and reduce the level of the solution pulsation. Also, the use of an elastic
element in the supercharger valve should have a positive effect on reducing inverse
leaks through the injection valve due to the increase in the rate of lowering of the ball,
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especially when pumping solutions of reduced mobility P 7–9 cm. From less to a
minimum pulsation of the pressure of the solution during its pumping will positively
affect the quality of finishing work, both in the use of m in conjunction with plaster
stations or as part of mobile small plaster units.

Therefore, it is necessary for theorists to investigate the process and in the
hydraulic part of a single-piston mortar pump with a combined compensator of
increased volume.

Theanalysis of the latest sources of research indicates the inability to investigate
the interaction of the pumpedmediumwith valve nodes, taking into account structural
changes in the suction chamber of the mortar pump a, which will affect the reduction
of the degree of pulsations of the pressure supply of the solution [1–8]. Therefore, the
analytical research of the hydrodynamic effect of the cumulative jet of the solution
on the elements of the hydraulic part of the mortar pump becomes relevant [9–15].

Highlight parts of a common problem that have not been solved before. It is
necessary to analyze the effect and interaction of hydrodynamic pressure force on
the ball of valves from the cumulative flow of the solution.

Setting a Task. To increase the level of volumetric efficiency and reduce the level of
pressure pulsations of the solution during pumping, it is necessary to use a hydraulic
drive in a single-piston mortar pump and with a combined compensator of increased
volume.

The Purpose and Objectives of the Study. The purpose of this work is to increase
the level of volumetric efficiency and reduce the level of pressure level of the single-
piston mortar solution with a combined compensator of the increased volume due to
the use of a special insertion in the suction chamber and further reducing its harmful
volume.

To achieve a certain goal, the following tasks must be solved:

1. Theoretical investigation the forces in the influence of the structured environ-
ment on the ball valve.

2. Install with chem in the effect of hydrodynamic forces on the injection and
suction valves of single-piston mortar pump.

3. Carry out the operation of the ball valve of the mortar based on the established
dynamic model, which makes it possible to determine the law of movement
of the valve ball during operation, depending on the law of movement of the
workingbodyof the valve nodedesign, and the properties of the pumped solution

The object of research is the processes occurring in the hydraulic part of the
single-piston mortar pump, and with a combined compensator of increased volume
during the transportation of mortars through the pipeline.

The subject of research is a single-piston mortar pump with a combined
compensator of increased volume.

Research Methods. When conducting researches, I used the basic provisions of
hydraulics, hydrodynamics, methods of mathematical physics, physical and math-
ematical modeling by methods of applied mechanics, computer programming of
Microsoft Office, Compass 3D, MathCAD 14.
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The results of the study. Theoretically, the influence of the solution pumped into
the elements of the hydraulic part of the mortar was investigated on the basis of
the laws of hydrodynamics, taking into account the rheological properties of the
solution, the pressure of the solution supply andwhen using a combined compensator
of increased volume. The effect of the operation of the mortar valves on the technical
characteristics of productivity and volumetric efficiency has been established.

The Main Material. The analysis of the work of the mortar pump a (Fig. 1), which
was developed at the National University “Poltava Yuri Kondratyuk Polytechnic”
indicates a more thorough study of the interaction of the pumped medium with valve
nodes, which directly affects the level of technical characteristics of the mortar pump
with electromechanical drive, which has established itself as a reliable and highly
efficient volumetric machine. But pumping solutions with a solution of reduced
mobility P7-8 cm does not occur at a degree of pressure pulsations near the level
δ ≥ 25%.

To determine the number of pulsations of the pressure of the solution into the
pipeline from the design parameters of the valve components of the mortar, it is

Fig. 1 Single-piston mortar pump with combined compensator of increased volume: 1—elec-
tric motor; 2—wedge-pass transmission; 3—gear wheel; 4—crankshaft; 5—shaft-gear; 6—suction
chamber; 7—special cylindrical insert; 8—piston; 9—working cylinder; 10—slider; 11—rod;
12—chamber; 13—gearbox body; 14, 15—suction and suction suspended ball valves; 16, 17—
suction and injection nozzles; 18—pressure reduction valve; 19—supercharger; 20—cylindrical
chamber; 21—locked chamber; 22—fitting of air pumping unit; 23—nipple; 24—cover; 25—crane;
26—pressure gauge; 27—float-limiter; 28—guide rod; 29, 30—channel nozzles; 31, 32—pair of
wheels
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Fig. 2 Design diagram of
the influence of the valve
ball on the flow of structured
liquid

necessary to analyze the effect of hydrodynamic pressure on the valve balls, taking
into account all the design parameters of the hydraulic part of the mortar.

The effect of the solution on the valve ball is characterized by the effect of hydro-
dynamic pressure on the ball from its flow. This effect occurs due to the following
factors: the cumulative flow of the solution through a hole in the valve saddle; influ-
ence of normal and tangent stresses that occur in the surface layer on the surface of
the valve ball and occur when a solution has structured viscosity.

So, to determine the strength of the hydrodynamic effect Fgd on the ball,
dependence is made [3]

Fgd = Fs + Ft (1)

where Fs—effort of frontal resistance from the cumulative jet of the solution in the
hole of the valve saddle; Ft—side friction force that occurs during the flow of the
ball by a structured liquid.

At the time of lowering the ball in a statically stationary solution, the force of the
frontal pressure on the ball Fs from the side of the cumulative jet and side friction,
as well as during the flow of the Ft structured liquid of the valve balls in a limited
volume space has the same nature (see Fig. 2) [3, 8].

Therefore, the force of the influence of the structured medium on the ball valve
can be presented as a component of the elementary forces of pressures and grated
Ion the parts of the surface of the ball [3, 8]

Fgd =
π∫

0

(
−3

2
· υp · μ

rk
cos θ

)
· cos θ · 2 · π · r2k · sin θdθ

+
π∫

0

(
τ0 + 3

2
· υp · μ

rk
sin θ

)
sin θ · 2 · π · r2k · sin θdθ

= 2 · π · υp · rk · μ + 4 · π · υp · rk · μ + π2 · r2k · τ0

(2)

After simplification will look like

Fgd = 6 · π · υp · rk · μ + π2 · r2k · τ0 (3)
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The frontal resistance of the ball of the solution flow and the resistance of the
surface friction of the ball when the mortar stream moves are defined as components
of dependence (2). Both components of the ball movement resistance are determined
by the flow rate υn , the structured viscosity of the liquid μ and the geometric param-
eter of the ball, namely the radius rk . From the dependence (2) it can be seen that a
much greater effect carries out friction resistance compared to the frontal resistance,
and the third addition of the amount means the total force required to shift the valve
ball relative to the solution, which in turn creates a static resistance of its movement
caused by the presence of tension τ0, and does not depend on the two components
of the structured viscosity μ of the solution and the velocity of relative movement.
Addiction is the solution to the inseparability problem of the Naive-Stokes mass
when the ball interacts with a structured liquid.

To determine the values of hydrodynamic force, it is necessary to determine the
rheological parameters μ and τ0 of environment. Based on the expressions (2) (3), it
is possible to develop analytical dependences to determine the characteristics of the
structured solution by studying the lowering of the ball under the action of gravity,
as well as to assess the hydrodynamic effect of the solution flow on the valve ball
during its operation in the limited round-valve space of the working chamber.

Taking into account the design features of the valve node, namely: the presence
of a saddle under the ball, the limitations of the round-valve chamber, the pressure
force Fs acting on the ball from the cumulative jet can be considered equivalent to the
average velocity of the jet of the solution, which makes the infusion from the saddle
hole, and the resistance force on the surface of the ball Ft is equivalent to the average
velocity of the solution jet in the medial cross section of the ball (see Fig. 3). The
static effect of the resistance of the ball’s interaction with the solution (see formulas
(3) (4), can be considered independent of the nature of the flow movement.

Provided that at the beginning of the tear of the ball from the saddle its speed υk

relative to the solution is close to zero, then the expression (3) taking into account
υk = υp will look like [3, 8]

Fτ = π2 · r2k · τ0 (4)

Where τ0 = Fτ

π2 · r2k
(5)

The value of the force Fτ is defined as the difference between the external force
F0 at which the ball moves and the Archimedes force FA

FA = 4

3
· π · r3k · g · ρ (6)

where ρ—density of the solution under investigation, kg/m3; g—acceleration of
free fall, m/s2.

The value of the structured viscosity of the soluble mixture μ is determined by
the dependence [3, 7], obtained on the basis of the expression (3)
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Fig. 3 Scheme of influence of hydrodynamic forces on the injection and suction patch of single-
piston mortar

μ = Fη − π2 · r2k · τ0

6 · π · υk · rk (7)

By dependence, the (6) marginal stress of the shift τ0, taking into account the
influence of the Archimedes force, will take the form

τ0 = F0 − 4
3 · π · r3k · g · ρ

π2 · r2k
(8)

where FA = 4
3 ·π ·r3k · g ·ρ—is the component of the force of Archimedes, which

has an effect on the ball.
The value of the structured viscosity of the solution, taking into account the effect

on the ball of the Archimedes force valve [3, 8] will be determined by dependence
(3) will look like

μ = Fμ − 4
3 · π · r3k · g · ρ − π2 · r2k · τ0

6 · π · υk · rk (9)
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where Fμ—resistance to lowering the ball from the solution, H; υk—speed of
movement of the ball in a statically stationary solution, m/s; rk– radius of the ball,
m.

Obtained mathematical dependences (8) (9) which allow describing the nature
of the interaction of the flow with the elements of the hydraulic part of the mortar
(piston working organ, valve nodes, working chamber) is determined on the basis of
experimental determination of parameters F0, Fμ and υk the movement of the valve
ball radius rk in the solution and calculate the values of the maximum shear stress τ0
and the coefficient of structured viscosity of the solution μ.

Based on dependence (2), and assumptions given, on the design parameters of
the valve nodes and the characteristics of the solution flow, the dependence of the
hydrodynamic pressure force will look like

Fgd = Cr · π · μ · rkl · υs + Cτ · π · μ · rkl · υmid + π2 · r2kl · τ0 (10)

where rkl—the radius of the valve ball, m; υs—the speed of the jet of the solution
coming out of the hole of the saddle, m/s; υmid—flow rate of solution in copper cross
section, m/s; μ—coefficient characterizing the structured viscosity of the solution,
Pa · s;—extreme shear stress of the solution, Pa; Cr , Cτ—odds of frontal pressure
and grater resistance of the valve ball.

It should be noted that when the ball is fully flown around in the volume of the
absorbent chambers, the entered coefficients have a value corresponding to: Cr =
2Cτ = 4 (2).

The nature of the change in the pressure force of the cumulative jet on the ball
valve is determined by the coefficient Cr and depends on the following parameters:
the diameter of the ball, the diameter of the saddle hole, the height of the lifting of
the ball. The coefficientCτ of expression (10) characterizes the influence of a limited
flow that the surface of the ball and is determined by the design parameters of the
valve space. The coefficients Cr and Cτ were determined experimentally during the
study of the process of interaction of the ball with the solution in a confined space
using constructive and physical modeling [4].

During the operation of the valve, the speeds of the jet of the solution are redis-
tributed in the characteristic cross section of the valve node. This process is charac-
terized by the Law ofWestphalia [1, 6], according to which, during the movement of
the ball in the direction of the jet solution, the flow of the solution through the saddle
hole is greater than the consumption of the solution through the valve slit (Fig. 3).

Qs = Qshch + Qkl (11)

where Qs—solution consumption through the hole in the valve saddle, m3/s;
Qshch—solution consumption through the valve slot, m3/s; клQ —loss of the solution
occupying the sub-space, m3/s.

The law of inseparability of the flow indicates that the consumption of the solution
in the medial cross section Qmid is equal to the consumption of the solution through
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the gap, so the dependence is based on the expression (11)

Qs = Qmid + Qkl . (12)

Accordingly, the consumption of the solution of the included nodes that make up,
are determined by the dependences of the (11) (12)

Qs = υs · Ss; Qshch = υshch · Sshch; Qmid = υmid · Smid , (13)

where Ss , Sshch , Smid—area of cross-sectional holes: saddles, crevices andmiddle,
respectively, m2; υs , υshch , υmid—average speeds of soluble flow: in the hole of the
saddle, crevices and medial cross section, respectively, m/s.

The consumption of the solution covering the sub-space during the lifting of the
ball can be approximately determined by dependence

Qkl = υkl · Ss (14)

where υkl—the speed of movement of the valve ball, m/s.
Since the consumption of the solution through the saddle hole is proportional to

the consumption of the solution in the suction chamber Qv.k., therefore, dependence
is made

Qs = Qv.k = 1

cosβ
· υp · D

2
p

d2
s

· Sp (15)

where υp—piston velocity, m/s; Sp—area of the contact part of the piston with
solution, m2; β—angle of inclination of special insertion.

When opening the valve, the ballmoves in the direction of the stream, respectively,
the relative flow rate of the ball will decrease by the value of its velocity, that is, the
dependence (10) will look like

Fgd = Cp · π · μ · rkl · (υs − υkl) + Cτ · π · μ · rkl · (υmid − υkl) + π2 · r2kl · τ0
(16)

Given that speeds υs = υp · 1
cosβ

· Sp
Ss
, and υmid = υp ·Sp−υkl ·Ss

Smid
· 1
cosβ

(see (11)–(15)),
determine the strength of hydrodynamic pressure can be by dependence

Fgd = Cr · π · μ · rkl ·
(

υp · Sp

Ss
· 1

cosβ
− υkl

)
+ Cτ · π · μ · rkl

×
(

υp · Sp − υkl · Ss
Smid

· 1

cosβ
− υkl

)
+ π2 · r2kl · τ0

(17)

By marking the current height of the ball above the saddle with a variable
coordinate x , the dependence will look like
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Fgd = Cr · π · μ · rkl ·
(

υp · Sp

Ss
· 1

cosβ
− .

x
)

+ Cτ · π · μ · rkl

×
(

υp · Sp − .
x ·Ss

Smid
· 1

cosβ
− .

x
)

+ π2 · r2kl · τ0

(18)

where
.
x—the first derivative coordinates of the position of the ball x whilemoving

over the saddle, which determines its speed of movement, namely υkl ; Ss—area of
the passing hole of the saddle.

Figure 3 shows the scheme of influence of hydrodynamic forces on the injection
and suction valves.

It is worth noting that the movement of the valve ball affects not only the level of
inverse consumption of the solution, but determines the resistance to the movement
of the current solution, the suction ability or level of vacuum in the working chamber
and the degree of its filling in the suction tact.

The process of hydraulic interaction and the balance of forces acting on the
ball valve during the operation of the suction valve can be described according to
Newton’s law

mkl · ẍ = −Fgd − G + FA (19)

The direction of force Fgd is determined by the vector of the flow rate of the
solution υr in the near-detached space.

Dependences (18) and (19) indicate that the hydrodynamic force Fgd is directly
proportional to the flow rate of the solution and is determined depending on the speed
�υp of movement of the piston, and depends on the position of the ball, the geometric
dimensions of the valve node and the characteristics of the solution. In general, force
Fgd can be represented as a function from the rheological parameters of the solution
and the design parameters of the valve nodes

Fgd = f
(
xkl , ẋkl , υp, μ, τ0, rkl, rs, Dnkl

)
(20)

Where xkl is the coordinate of the path that determines the instantaneous position
of the ball above the saddle; ẋkl—instantaneous speed of the ball (υkl) in position xkl ;
υp—piston speed; μ, τ0—extreme shear stress, depending on its mobility; rkl, rs—
radius of the ball and the hole of the saddle; Dnkl—diameter of the round-the-circle
cavity.

Givendependencies (6) (20), an expression (19) canbe represented as a differential
dependency

mkl · ẍkl = −Fgd
(
xkl, ẋkl , υp, μ, τ0, rkl, rs, Dnkl

) − mkl · g + 4

3
· π · r3kl · g · ρ

(21)

Permanently
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(22)

When considering the opening of the valve, the initial condition is that it corre-
sponds to the lower part of the ball. When closing the valve, the initial condition is
(the upper position of the ball) xkl(t0) = 0 (mkl · ẍkl < 0) xkl(t0) = 0.

During the operation of the supercharging valve, the process of hydraulic interac-
tion differs from the previous case in that the ball is affected by a column of solution
from the combined compensator and the effect of the force of the elastic element,
the balance of forces acting on the ball, has the form

mkl · ẍ = −Fgd − G − Fpr + FA (23)

Resistance force of the elastic element acting on the valve ball

Fpr1 = Gm · d4
pr · f1

8 · D3
0 · npr

· 1

χop
= Gm · d4

pr · (H0 − H1)

8 · (
D1 − dpr

)3 · npr

· 1

χon
(24)

where Gm is the material shear module (pressure that causes deformation by
1 mm), MPa; dpr—spring fiber diameter, mm; D0—average diameter of the spring,
mm; D1– outer diameter of the spring, mm; H0—spring length in free condition,
mm; H1—spring stroke length at the length of the pressure valve ball, mm; f1—
change in the length of the spring when compressed by the ball of the supercharger
valve; npr– the number of spring coins; χop– spring movement resistance coefficient
depending on the density of the pumped medium.

Taking into account the law Hutton and Archimedes (6), (20) and (24) the
expression (23) can be written in the form of a differential equation

mkl · ẍkl = −Fgd(xkl , ẍkl , υn, μ, τ0, rkl , rc, Dnkl) − mkl · g

−Gm · d4
pr · (H0 − H1)

8 · (
D1 − dpr

)3 · npr

· 1

χop
+ 4

3
· π · r3kl · g · ρ

(25)

And finally, in expanded form
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(26)

It can be assumed that the influence of the law of movement of the working body
of the pump occurs with a double nature, namely, establishes the value of the piston
stroke for the period of time and time of closing the valve, which directly determines
the volume of reverse flow of the solution. That is, the establishment of the law of
movement of the working body requires rational decisions for the period of time of
lowering the valve ball and the speed of movement during this period.

Analysis of the operation of the ball valve of the mortar based on the established
dynamic model, which makes it possible to determine the law of movement of the
valve ball during operation, depending on the law of movement of the working body
of the valve node design, and the properties of the pumped solution. Theoretically, it
is necessary to evaluate the interaction of the law of movement of the working body
and the development of the suction and injection valves and the consumption of the
solution during closing.

The solution of the differential equation presented makes it possible to obtain the
law of movement of the valve ball as a function

xkl(t) = f
(
mkl, rkl, rs, Dnkl , υp(t), μ, τ0, ρ, t

)
(27)

whichmakes it possible to establish the dependence of the nature of themovement
of the ball with the time t and design parameters of the valve (mkl, rkl, rs, Dnkl), the
law of movement of the working body

(
υp(t)

)
and the rheological properties of the

pumped solution (μ, τ0, ρ).
The initial movement of the ball with a diameter of 50 mm in a solution with a

mobility of P10 cm was carried out with a total weight of 510 g, that is, the force of
the initial shift H. F0 = 9, 81 · 0, 51 = 5.

In Fig. 2 4 the dependences of the movement of the pump and suction valve of the
mortar depending on the mobility of the pumped solution and taking into account
(Table 1) the rheological parameters of building solutions of varying mobility, the
strength of the ball’s shift in solutions and its speed of initial movement in solutions
are given.

Dependences (Fig. 4) indicate that the triggering of the suction and suction valves
occurs faster depending on the mobility of the solution, which is explained by the
increasing resistance of movement with a decrease in mobility, as well as the closure
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Table 1 Rheological properties and power parameters of sand solutions of different mobility to
determine the laws of movement of pump and suction valves

Person-
ality

solution, 
cm

Density
,

kg/m3

Limit (law)
displace-
ment , Pa

0

Factor
structured vis-

cosity , Pass ·

Efforts
movement, 

N 1F

Movement 
speed , 
m/s 0

P8 2100 736,27 35,86 15,3 0,74
P10 2000 602,39 18,58 11,75 1,06
P12 1900 431,24 10,24 7,86 1,2

Fig. 4 Dependences of the movement of the pump and suction valve of the single-piston mortar
with a combined compensator of increased volume depending on the mobility of the solution:

of valves in themortar with a combined pressure pulsation compensator, respectively,
by more than 1.35° and 0.96° rotation of the crane and filter.

It is worth paying attention to the fact that the faster operation of the valve balls
in the mortar with a combined compensator of increased volume affects not only
the reduction of the reverse leaks of the solution, but determines the resistance to
the promotion of the flow of the solution depending on the installation of a special
insertion in the suction chamber, the level of vacuum in it and the degree of its filling
in the suction tide, which significantly affects the reduction of the degree of pulsation
and increase in volume.

Next, it is necessary to determine the maximum shear τ0 stress and the value of
the structured viscosity of the solution with mobility P10.
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Determining the law of movement of the valve ball will determine the time of
its movement from height h to saddle and estimate the number of inverse leaks �V
during the closure of the valve

�V = Sb · 1

cosψ
· Sp(ϕz) (28)

where is the size of the area of the side around the valve opening surface
depending on the lifting height of the ball , m2; ψ—the angle of change
in the trajectory of the valve ball, which arises as a result of the tank force of the
influence of the working body.

Mass of consumption mortar through the saddle of the suction valve determine
based on the preliminary analysis dependence

�Qvs.kl = ρ · υr.k. · Sp − ρ · υs · Sb = ρ · υp · 1

cosβ
· D2

p

d2
r.k

· Sp

−ρ · υp · 1

cosβ
· D

2
p

d2
s

Sb

(29)

After the transformations, we have

(30)

where Sp(ϕz)—moving the piston during the period of time of lowering the valve
ball to the saddle, which is characterized by the law of movement of the working
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body, m; ϕz—the angle of rotation of the cradle during the t lowering of the valve
ball to the saddle.

The dependence (28) can be explained by the fact that during the lowering of the
valve ball, the pistonwill move at a certain distance Sp(ϕz) and during this movement
will change the volume of the pump suction chamber. It is clear that the simultaneous
opening of both valves is impossible, both in the suction and injection tactics of the
solution through any valve that is currently closed, the solution flows in the form of
reverse leaks and fills the change in volume in the suction chamber.

Under conditions and if the speed of the working body is constant, dependency
can be used to determine the magnitude of inverse leaks through the supercharger
valve

�Qnagn. kl = π · d2
k · hr
4

− Vk + QK (31)

where dk is the diameter of the cylindrical part in the suction chamber, m; hr—lifting
path, which the ball passes along with the solution, m; Vk—volume displacing the
lower mideal part of the valve ball, Vk = π · h2k.s. ·

(
Rk − hk.s.

3

)
, m3; hk.s.—height of

ball copper; Rk—flap ball radius; QB—a sublimation “dead” volume, which joins
the reverse leaks under the Law of Westphalia, m3, QK = π

4 · h · (
D2

kl − d2
s

)
.

Received after conversions

�Qnagn. kl = π · d2
k · hr
4

− π · h2k.s. ·
(
Rk − hk.s.

3

)
+ π

4
· h · (

D2
kl − d2

s

)
(32)

The established law of movement of the valve ball allows you to determine the
time of its lowering in height h to the saddle and set quantitatively the values of
the inverse leaks �Vkl during the closing of the valve at different mobilities of the
solution

�Vkl = Fp · Sp(ϕkl) (33)

where Fp = π
2 · D2

p—piston area; Sp(ϕkl)—part of the movement of the piston
for a certain period of time, during which the valve ball is lowered to the saddle,
which is characterized by the law of movement of the working body, m; ϕkl—the
angle of rotation of the cradles during the lowering t of the valve ball.

The path hr , the valve balls that it passes along with the flow of the solution can
be represented by dependence

hr = h − ht (34)

where h—the lifting height of the valve ball to its limiter, m;
ht—lifting height of the ball, which it passes through the resistance of the solution

under the action of gravity, m.
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Also, the path hr can be associated with the diameter and stroke of the piston with
this dependence

hr = D2
p

d2
k

· Sp(ϕz) (35)

where ϕz is the angle of rotation of the cradle, the value, which coincides with the
moment of lowering the valve ball to the saddle, rad.

The lifting height of the ball ht can be expressed as the product of the speed of
lifting at a time

ht = υt · t (36)

where υt—the speed of movement of the valve ball in solution, m/s;
t—the time of the valve ball being sedittered for closing, s.
Lowering the valve ball t can be associated with the angle of rotation ϕz of the

cradles with dependence

t = 60

n
· ϕz

2π
= 30 · ϕz

π · n (37)

where n—is the number of revolutions of the cradly wasps, s−1.
Then, through expressions (36) and (37), dependency (34) will look like

hr = h − υt · 30 · ϕz

π · n (38)

To find the closing angle ϕz , you must compare the (35) and (38) expressions.
The resulting dependency will look like

h − υt · 30 · ϕz

π · n − D2
p

d2
k

·
(
R · (1 − cosϕz) −

[
l −

√
l2 − (R · sin ϕz − e)2

])
= 0

(39)

Conducts direct calculations to determine the value of the angle of rotation of the
cradle analytical way in an analytical way ϕz in a cumbersome and inconvenient way
(39), so it is more advisable to use the software of computer mathematics Mathcad
15 to get numerical values.

Substantive to the value of the angle ϕz before dependence (38), we obtain the
value of the valve ball path hr , which the valve ball passes along with the flow of the
soluble mixture—0.015 m, and substantive finally gives us the value of the volume
of leaks �Vvs.kl in the injection rate of 0.041 m3.

Having integrating the dependence of the leakage rate through the valve socket
from the beginning of the coordinates to the closing angle of the valve ϕz , you can
also find the volume of leaks (excluding values Vkl and QB).
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Fig. 5 Dependence of the loss of the soluble mixture through the saddle of the supercharger
a and the suction b valves of the soluble pump with a combined compensator of increased volume
depending on the angle of rotation of the cradle when pumping solutions with mobility P8, P10,
P12

The loss of the volume of the soluble mixture
(
m3/s

)
through the valve saddle is

determined as the product of the speed of the working organ υp(ϕ) on the area of

the valve saddle passing hole and the counting of piston and saddle areas
D2

p

d2
s
, which

determines their difference.

�Vkl = υp(ϕ) · π · d2
s

4
· D

2
p

d2
s

= υp(ϕ) · π · D2
p

4
(40)

Finally, the volume of leaks through the suction and injection valves in the
injection rate is determined depending on the suction and injection rate

(41)
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where QK—the volume of the solution in the cylindrical compensator chamber,
which affects the valve; �Vpr—reduction of volume from the elastic element of the
valve.

Based on dependencies (34), (37), (38), (39), (41) and theoretical studies [5] on
determining the rational height of lifting the valve ball in Table 2 and Fig. 6 is given
with the allergy of the degree of pressure pulsations when pumping solutions of
varying mobility depending on the lifting height of the suction and injection valve.

Dependences (Fig. 6) indicate that the degree of pulsations when pumping solu-
tions with mobility P8-12 cm in the mortar will be reduced to the minimum values
when setting the ball lifting limiters in the range of 12.5–17.5 mm, both for the
suction and for the injection valves.

This is due to the rational sub-valve space, which is equal to 1260mm2 suction and
supercharger valves, which provide high suction capacity and filling of the suction
chamber and ensuring quick operation.

Table 2 The value of the pulsation level taking into account various factors

 *In gray, rational heights of lifting of suction and supercharger valves and minimum
levels of pulsation degree are determined 

Number 
of double 
moves of 
piston , 
min n -1

Average 
feed pres-
sure , MPa

срp

Volume of 
compensator , 

dm компV 3

Mobility of 
solution, P, 

cm

Lifting height of 
suction and suction 

valve , h mm
,

%

Mortar pump with combined compensator of increased volume

150 2,0 47

8

5
10
15
20
25
30

36,54
18,22
12,81
15,12
25,32
38,09

10

5
10
15
20
25
30

31,03
12,05
6,93

10,04
20,89
34,61

12

5
10
15
20
25
30

29,03
10,04
5,10
8,13

18,22
33,23
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Fig. 6 Dependence of the
degree of pulsations of the
pressure of the solution and
on the lifting height of the
suction and suction valves

Increasing the lifting height of the valve ball h = 15 mm will lead to an increase
in the degree of pressure pulsations as a result of an increase in inverse leaks due to
the delay in lowering the valve ball, especially at reduced mobilities of the solution.

2 Conclusions

According to the results of studies, it can be seen that the speed of operation of the
suction and supercharger valves is significantly influenced by the mobility of the
solution, this is especially noticeable when pumping solutions P8 cm.

The height of the lifting of the valve ball mm according to the results of studies
and h = 15 the level of pulsation of pressure of the pumped solution is considered
rational.
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Approximation Model of the Method
of Design Resistance of Reinforced
Concrete for Bending Elements

Marta Kosior-Kazberuk , Dmytro Kochkarev , Taliat Azizov ,
and Tatiana Galinska

Abstract The paper considers approximation models of the method of design resis-
tance of reinforced concrete for calculation of normal sections of bending reinforced
concrete elements. It is proposed to use approximation dependences of two types—
polynomial and linear. Both methods are based on the method of design resistance
of reinforced concrete, which relies on universally accepted theory-based prereq-
uisites and hypotheses. This method is based on the use of nonlinear deformation
curves of concrete, Bernoulli hypothesis (the plane-sections hypothesis) is accepted
as the correct one, and the extremum criterion for determining the bearing capacity
(carrying force) based on a nonlinear deformation calculation model is used. The
proposed techniques can massively simplify the calculation of bending reinforced
concrete elements. They relieve from the necessity to use tables and perform compli-
cated calculations with iteration methods, as it is intrinsic to the majority of existing
methods. The possibility of determining on their basis both the bearing capacity
(carrying force) and the relative height of the compressive zone of the concrete is
shown in this article. The authors have conducted a check of the obtained approxima-
tion models of calculation on experimental samples of well-known researchers. The
computational results indicate the computational accuracy, sufficient for practical
calculations of the proposed methods. This paper presents the examples of determi-
nation of the carrying force and area of the effective reinforcement of normal sections
of bending reinforced concrete elements by both offered methods. The proposed
methods of calculating bending reinforced concrete elements can be widely used in
design practice.
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Keywords Nonlinear strain model · Bending moment · Deformation · Reinforced
concrete beam · Design resistance

1 Introduction

The calculation of reinforced concrete elements at different types of force loads
is usually performed taking into account nonlinear properties of materials [1–4, 9,
10]. The calculation of bending reinforced concrete elements involves the use of
nonlinear or simplified diagrams of deformation of concrete [1–4]. The calculation
of bending elements using nonlinear diagrams of deformation of concrete is quite
complicated, and is usually performed using specially designed computer programs.
Similar calculations on determination of the durability of normal sections of bending
reinforced concrete elements by using simplified schemes are also quite complicated
and may lead to certain imprecisions and inaccuracies. In most cases, such methods
require the use of either pre-designed dependency graphs [1, 2] or the corresponding
tables [4]. The simplest method, which involves the use of nonlinear diagrams of
deformation of concrete in order to calculate reinforced concrete elements is the
method of design resistance of reinforced concrete [4]. Instead, it also involves the use
of certain tables. Let us consider an approximation model for calculating reinforced
concrete elements based on this method.

The scientific developments of the authors of the article are associated with their
preliminary studies, which are set out in the works [9–17], and are also a further
development of the research of leading scientists Pavlikov [17, 18], Piskunov [19,
20], Pliukhin [21], Storozhenko [22], Zhuravskyi [23, 24] Semko [25–27].

2 Approximation Model of the Method of Design
Resistance of Reinforced Concrete for Bending Elements

According to EN 1992-1-1, the calculation of bending reinforced concrete elements
is performed using Bernoulli hypothesis (the plane-sections hypothesis), generally
accepted deformation curves of concrete and reinforcement, aswell as failure criteria.
The main failure criterion is reaching the ultimate deformations of concrete and
reinforcement. In the cases of calculation of beams with limited redistribution of
forces, the relative height of the compressive zone of the concrete is also limited.

x/d ≤ (δ − 0.4)/(0.6 + 0.0014/εcu), (1)

where x/d—the relative height of the compressive zone of the concrete, δ—the ratio
of the distributed moment to the moment determined at the elastic stage, εcu—the
ultimate strains of the compressive zone of the concrete. The remarkable thing is
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that according to [], a maximum redistribution of forces up to 20% is allowed for
reinforcing steel of class A, and up to 30%—for reinforcing steel of class B.

Thus, regardless of the method of calculating bending reinforced concrete
elements, it is necessary to check condition (1) in the case of redistribution of forces.

The calculation of bending elements according to the design codes [1] is as
follows:

1. The mechanical reinforcement ratio is determined by the following expression:

ω = ρ f · fyd
fcd

, (2)

where ρ f − the reinforcement ratio of the cross-section with longitudinal rein-
forcement, f yd − design resistance of the longitudinal reinforcement, f cd −
design resistance of compressive strength of concrete.

2. Next, the parameter kz kz = M/(f cd ·b·d2) is determined according to the graph
(Fig. 1).

3. The carrying force of the element is set by the expression:

M = kz fcd · b · d2. (3)

The procedure for calculating by the method of design resistance of reinforced
concrete is similar to that described above:

1. The mechanical reinforcement ratio is determined by the formula (2).
2. The design resistance of reinforced concrete is set by the expression [1]

Fig. 1 Functional dependence kz = f (ω) by the methods: 1–method of design resistance of
reinforced concrete [4]; 2—EN 1992-1-1 [1]
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fz = 6 · kz fcd . (4)

3. The bearing capacity (carrying force) of the element is set by the formula:

M = fzWc, (5)

where f z − the design resistance of reinforced concrete in bending, MPa, Wc −
moment resistance of working cross section of concrete, b·h2/6, m3.

The functional dependence of the method of design resistance of reinforced
concrete, presented in Fig. 1, has a much larger number of values than the similar
dependence of the method EN 1992-1-1 [1]. This is primarily due to the fact that the
method of design resistance of reinforced concrete uses more accurate diagrams of
deformation of concrete and theoretically substantiated failure criteria, in particular
the extremum criterion. Therefore, the bearing capacity (carrying force) of the over
reinforced elements should be determined more accurately by the method of design
resistance of reinforced concrete.Methodology EN 1992-1-1 [1] limitsω to the value
0.45 (at C50 and below) and 0.36 (at C55 and above). This is due to the fact that
such elements have brittle failure (fracture failure), which must be avoided in exis-
tent building structures. But when testing experimental samples with ω > 0.45, more
precise values of the bearing capacity (carrying force) will correspond to the method
of design resistance of reinforced concrete. The bearing capacity of the elements by
the method EN 1992-1-1 [1] at ω > 0.45 will correspond to the bearing capacity of
the elements at ω = 0.45. In the section at ω ≤ 0.45 bearing capacity of the bending
elements will be the same for both methods.

The use of the dependency graph, shown in Fig. 1, in the calculation of bending
elements somewhat complicates the calculation process itself, so we suggest to
perform an approximation of the dependence kz = f (ω).

The approximation will be performed in the range ω ≤ 0.45, avoiding the use of
elements with brittle failure (fracture failure). We will perform the approximation by
linear functions and a polynomial of the second degree (Fig. 1). Linear approxima-
tion involves somewhat approximate calculation of bending elements, so in order to
simplify the calculation procedure, we will perform the approximation in the form
of the following system:

kz = α1 · ω, 0 < � ≤ 0.24; (6)

kz = α2 · ω, 0.24 < ω ≤ 0.45. (7)

As a result of the approximation, the coefficients of the system of equations
α1 = 0.94, α2 = 0.82. were obtained. The coefficient of variation, determined by
the fractional accuracies of this approximating dependence in comparison with the
true function, is ν = 4.19%.

It ought to be noted that expressions, obtained by linear approximation, lead to
the following expressions of the bearing capacity (carrying force):
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MED = 0.94 · As · fyd · d, 0 < � ≤ 0.24; (8)

MED = 0.82 · As · fyd · d, 0.24 < ω ≤ 0.45. (9)

Approximating expressions in the form of a polynomial of the second degree have
the following form:

kz = β1 · ω2 + β2 · ω, 0 < � ≤ 0.45; (10)

The approximation coefficients for the expression (10) are β1 = −0.5, β2 = 1.0,
whereby the coefficient of variation is ν = 0.82% (Fig. 2).

1—dependence kz = f (ω) of EN 1992-1-1 [1]; 2—linear approximation; 3—
approximation by a polynomial of the second degree.

There is a relationship between the relative height of the compressive zone of the
concrete and the mechanical reinforcement ratio [1]

x/d = 1.25 · ω, 0 < ω ≤ 0.45. (11)

We shall confirm the validity of the obtained formulas on experimental samples.

Fig. 2 Approximation of functional dependence kz = f (ω):
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Table 1 Verification of developed approximation models on experimental samples [5–8]

№. Author of
experiments,
number of
beams

Experimental data Statistical value

f c, MPa f y, MPa ρs, % xl, νl, % xp νP, %

1 Pam et al.
(2001) [5],
12 beams

36.4–102.5 520–579 0.76–3.14 1.00 13.17 1.00 13.17

2 Sarkar
(1997) [6],
13 beams

77–107 442–470 1.03–4.04 0.95 15.66 0.95 12.66

3 Bernardo,
Lopes (2004)
[7],
19 beams

62.9–105.2 534–575 1.36–3.61 1.25 6.99 1.24 5.83

4 S.A. Ashour
(2000) [8],
9 beams

48.61–102.4 530 1.18–2.37 0.99 4.07 0.99 3.17

Total amount of samples 53 1.08 16.06 1.07 14.92

3 Verification of the Proposed Design Models
on Experimental Samples

In order to check the proposed methods, we will determine the bearing capacity
(carrying force) of experimental samples of well-known experiments [5–8]. Table 1
shows fractional accuracies of theoretically determined bearing capacity of the exper-
imentally tested samples by the two abovementioned methods. The conducted calcu-
lations confirmed high accuracy of the developed approximating design models. The
coefficient of variation of the ratio of theoretically determined and experimentally
obtained bearing capacity for the linear dependence is νl = 16.06%, for polynomial
dependence it is νP = 14.92%. When performing calculations, the parameter ω was
limited to 0.45 (at C50 and below) and to 0.36 (at C55 and above).

4 Examples of Calculating Bending Reinforced Concrete
Elements by the Offered Methods

Example 1. The task is to calculate the area of effective reinforcement, required
for the reinforcement of the support section of a continuous beam made of concrete
grade C20/25, fcd = 14.5 MPa, εcu = 350·10–5, and of steel of class A500C, fyd =
435 MPa, if the bending moment MEd = 120 kN·m works in the design section.
Redistribution of forces in the amount of 15% (δ = 0.85) should be carried out in
the support section of the beam. It’s advisable to take a rectangular cross-section of
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a beam with a single reinforcement with dimensions of b × d = 400 × 450 mm. The
calculation must be performed by two approximation methods.

The solution. Let us determine the required design resistance of reinforced
concrete.

fzM = MED

Wc
= 6MED

bd2
= 6 × 120 × 106

400 × 4502
= 8.88 MPa;

Then we will define the accessory parameter (fault-identifying variable):

kz = fzM
6 · fcd

= 8.88

6 · 14.5 = 0.102.

After that we shall determine the mechanical reinforcement ratio:

– by polynomial approximation

ω = 1 − √
1 − 2 · kz = 1 − √

1 − 2 · 0.102 = 0.108;

– by linear approximation

ω = kz/0.94 = 0.102/0.94 = 0.109;

We will determine the limiting value of the height of the compressive zone of the
concrete under the condition of redistribution of forces in the amount of 15% (δ =
0.85)

(δ − 0.4)/(0.6 + 0.0014/εcu) = (0.85 − 0.4)/(0.6 + 0.0014/350 · 10−5) = 0.45.

Let us determine the height of the compressive zone of the concrete

– by polynomial approximation

x/d = 1.25 · ω = 1.25 · 0.108 = 0.135 < 0.45.

– by linear approximation

x/d = 1.25 · ω = 1.25 · 0.109 = 0.136 < 0.45.

Then we will determine the area of reinforcement and accept the reinforcement:

– by polynomial approximation

ρ f = ω · fcd
fyd

= 0.108 · 14.5
435

= 0.0036 > ρmin = 0.0013.

As = ρ f · b · d = 0.0036 · 400 · 450 = 648 mm2.
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– by linear approximation

ρ f = ω · fcd
fyd

= 0.109 · 14.5
435

= 0.00363 > 0.0013.

As = ρ f · b · d = 0.00363 · 400 · 450 = 654 mm2.

As for the range of sizes, we will take 2∅22 A500C, As = 760 mm2.

Example 2. The task is to determine the bearing capacity of a concrete beam, made
of C20/25 strength grade of concrete, fcd = 14.5 MPa, εcu = 350·10–5, and of steel
of class A500C, fyd = 435 MPa, if the beam is reinforced in the lower zone with
reinforcement area As = 760·mm2. The cross section of the beam is rectangular with
single reinforcement with dimensions of b × d = 400 × 450 mm. The calculation
must be performed by linear approximation methods.

The solution. Let us determine the mechanical reinforcement ratio:

ω = AS · fyd
b · d · fcd

= 760 · 435
400 · 450 · 14.5 = 0.127,

Then we will determine the bearing capacity of the beam:

MED = 0.94 · AS · fyd · d = 0.94 · 760 · 435 · 450 · 10−6 = 139, 84 kN · m.

It is quite interesting to determine the bearing capacity of the beam by area from
the previous example at As = 648 mm2

MED2 = 0.94 · AS · fyd · d = 0.94 · 648 · 435 · 450 · 10−6 = 120, 34 kN · m.

The fractional accuracy is 120.34−120
120 100% = 0.28%.

5 Conclusions

The considered approximation models of the method of design resistance of rein-
forced concrete enable to check quickly the durability of normal sections of bending
reinforced concrete elements. The obtained dependences were confirmed by testing
on a large number of experimental samples of well-known researchers, they fully
correspond to the norms of design codes EN 1992-1-1 and can be widely used by
engineers of different levels in design practice and in construction of reinforced
concrete structures.
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Analytical Procedure for Design
of Centrally Compressed Bars

Anton Makhinko , Nataliia Makhinko , and Oleg Vorontsov

Abstract The article is devoted to the study of stability problems of centrally
compressed bars. The difficulties of the classical solution of this problem are high-
lighted. In analytical form, we propose a simplified dependence for calculating the
stress reduction factor. Using the author’s approach shows good agreement between
the results received and the calculation results according to the normative method-
ology for a wide range of slenderness. An algorithm for determining the dimensions
of the cross sections of steel elements loaded with a central force is also constructed.
At the same time, solutions presented through the Lambert transcendental function
are used to test rigidity. The convenience and advantages of using this algorithm are
indicated. A practical example of the column sizing with the subsequent verification
of the results according to current standards is given. The example of calculation
shows the simplicity of the calculation according to the proposed algorithm and the
full compliance of the result with the requirements of regulatory documents.

Keywords Stability · Buckling length · Centrally compressed bar · Buckling
coefficient · Slenderness · Effective length · Lambert function

1 Introduction

The issues of stability theory are very important for displaying the stress–strain state
and understanding the actual operation of compressed bars [1–5]. Stability testing
is an integral part of real design [6–10]. However, it is important to have a simple
engineering algorithm in order to solve practical problems and develop construction
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solutions. The analytical method presented in regulatory documents for calculating
the stress reduction factor of compressed elements complicates this task [11]. First,
it is connected with difficulties of a calculated nature. Thus, the aim of this study was
to develop a methodology for calculating centrally compressed bars, which gives an
accurate result, but is not complicated by unnecessary calculation procedures.

There is a centrally compressed bar with a length �k . The cross-section of the
bar in general is arbitrary, but then the sections that are most popular in the field
of metal structures are considered: equal angle, circular hollow section, channel
section, composite I-beam. With the known strength characteristics of steel (yield
strength Ry) it is necessary to propose an algorithm for determining one of the overall
dimensions of the bar cross-section in a closed form from the condition of ensuring
its stability.

2 Main Body

As you know, the calculation of centrally compressed elements in all world norms
is performed according to the equation [11]

KR = N

ϕRy Ak
≤ 1.0, (1)

where Ak is cross area; ϕ is stress reduction factor.
According to clause 8.1.3 of DBN «Steel Structures» [11], the stress reduction

factor ϕ is a function of the element’s slenderness λ, steel yield strength Ry and type
of buckling curve. The main difficulty in selecting the cross sections of the elements
is because the form of the function ϕ

(
Ry, λ

)
is rather bulky and non-linear with

respect to Ry

(2)

λ = �k

iminμk
, (3)

where α and β are parameters of the buckling curve from Table 1 DBN [11]; �k
is effective length; imin is minimum section radius of inertia; μk is effective length
factor, which takes into account the fastening of the ends of the rod.
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To simplify the calculations, it was proposed to replace this «uncomfortable»
expression with a more «convenient» one, which greatly simplifies the classical
calculation of stability within the framework of norms. An exponential relationship
of the form is proposed as such a «convenient» expression [12, 13, 15–19]

ϕ = exp

(
−δ

λε

π2

Ry

E

)
, (4)

where ε and δ are parameters of the stability curve similar to α and β.
The expression under the sign of the exponent resembles in its structure the well-

known Euler formula for the buckling force and differs from it by the introduction
of additional parameters ε and δ. In the general case, these parameters depend on
the type of cross section of the element and the steel liquid limit. The parameter
values can always be successfully chosen in such a way as to describe the curves
of the stress reduction factor given in the design standards with a minimum error.
However, we propose a simpler way, slightly affecting the accuracy of obtaining
results. Its essence is that the degree of slenderness indicator ε is taken equal to 2,
and the parameter δ is considered dependent only on the type of buckling curve: «a»:
δ = 0.4, «b»: δ = 0.5, «c»: δ = 0.6.

Thus, for the stress reduction factor, we will have

ϕ = exp

(
−δ

λ2

π2

Ry

E

)
. (5)

A comparison of the normative expression for the stress reduction factor (2) with
the proposed relationship (5) is performed in Fig. 1 for two types of buckling curve
(«a» and «b»). The figure shows that in the range of element slenderness values from
0 to 100, the consistency of the results is quite acceptable, and for λ > 100, although
the differences are large, firstly, Eq. (5) gives a lower estimate of the stress reduction
factor ϕ, and secondly, by practice rarely has to deal with values ϕ < 0.3. Taking into
account these considerations and the simplicity of the proposed relationship ϕ(λ),
we will further consider the application of Eq. (5) justified. Substituting Eq. (5) in
Eq. (1), we obtain the following expression for checking the stability of centrally
compressed elements

KR = N

exp
(
−δ

�2k
i2k π2

Ry

E

)
Ry Ak

≤ 1.0, (6)

where slenderness λ is represented through the effective length �k and radius of
inertia ik relative to the plane of interest.

Further, we will assume that the cross area Ak and the radius of inertia ik of the
element can always be represented as

Ak = bk · tk · f1, (7)



258 A. Makhinko et al.

Fig. 1 Approximation buckling curve v DBN [11] according to Eq. (5): a - the type of buckling
curve «a»; b - the type of buckling curve «b»
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ik = bk · f2, (8)

where bk and tk are some characteristic overall size and characteristic thickness
of the cross section; f1 and f2 are some dimensionless coefficients, additionally
characterizing other sizes of the section.

Table 1 represents the values for sections in the form of an equal angle, circular
hollow section, channel section and I-beam.

Substituting expressions Eqs. (7) and (8) into Eq. (6), we obtain the following
equation with respect to the desired cross-sectional characteristic bk

N = KRexp

(
−δ

�2k

b2k f
2
2 π2

Ry

E

)
Rybktk f1. (9)

It is convenient to represent the solution of this equation through the Lambert
function. Omitting the intermediate transformations and simplifications, we give
only the result

bk = bef · 
R, (10)


R = ηR√
LambertW (η2

R)

, (11)

Table 1 Characteristics of cross sections in the formof equal angle, circular hollow section, channel
section and I-beam

Value
Cross section

equal angle
сircular hollow 

section
channel section I-beam

kb width flange diameter width flange width flange

kt
flange thickness thickness flange

thickness
flange

thickness
kh − − depth depth

wt − − web thickness web thickness

1f 2.0

2f 0.195 0.35

plane of greatest rigidity

plane of least rigidity

Designations for sections in the form of a channel section and an I-beam
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where bef is a value having a dimension of length, which we will call the effective
dimension of the cross section. From the physical point of view, this is the dimension
of the cross section calculated at bar in tension.

bef = N

KR Ry f1 tk
, (12)

where ηR is dimensionless characteristic showing how many times it is necessary to
increase the cross-sectional dimension found from tensile analysis.

ηR = 1

π

√

2δ
Ry

E

�k

be f

1

f2
. (13)

As for the Lambert function, it is defined as a solution of the functional equation

Lambert W (ηR) exp[Lambert W (ηR)] = ηR . (14)

This function is transcendental, i.e. the integer values of the argument correspond
to the transcendental values of the function, and vice versa, the integer values of the
function correspond to the transcendental values of the argument. The convenience
of its use is explained by the fact that the dimensionless quantity 
R is enclosed
in a very narrow range of values (from 1 to 10) and can be easily tabulated for all
design schemes of compressed bars and cross-sectional forms of elements. The table
of functional dependency values 
R(ηR) is given below.

Thus, in order to select the cross section of a compressed bar, it is necessary
to select the required overall size from the conditions of its tensile operation and
increase it by the value of 
R , found by the dimensionless parameter ηR . We give a
numerical example.

3 Practical Calculation

According to the described approach, we perform the selection of a section of an I-
beam profile for a 6 m long column with hinged fastening at the ends, with a known
flange thickness tw = 8.0 mm, f1 = 2.7 and f2 = 0.25 characteristics. We also
set the compressive strength of Nk = 1600 kN and the value of the critical factor
KR = 1.0. The type of stability curve is taken as «b», which determines the value of
the parameter δ = 0.5.

In this case, the dimensionless argument of the Lambert function in the calculation
by Eq. (13) is ηR = 1.247. According to Table 2, we find the value of the function

R = 1.45 and calculate the desired cross-sectional dimension (I-beamflangewidth)
bk = 302.9 mm.
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Table 2 Table of values of
function 
R(ηR)

ηR 
R ηR 
R

0.0 1.0 5.0 3.255

0.5 1.107 5.5 3.482

1.0 1.328 6.0 3.707

1.5 1.574 6.5 3.930

2.0 1.824 7.0 4.50

2.5 2.071 8.0 4.584

3.0 2.315 10.0 5.435

3.5 2.555 12.0 6.264

4.0 2.791 15.0 7.487

4.5 3.025 20.0 9.440

According to the assortment of rolled steel GOST 26,020-83 [14], we accept the
30K1 UC with geometric characteristics bk = 300 mm, hk = 296 mm, tw = 9.0
mm, Ak = 108 cm2, imin = 75 mm.

Let us check the cross section according to DBN [11]. The effective length factor
for a bar with fastened ends is μk = 1, and the slenderness of the element according
to (3) will be λk = 80. Note that for the range of slenderness λ < 100 there is a
high convergence of the results in terms of the stress reduction factor of the author’s
approach and the normative methodology. Using Eqs. (1) and (2), we calculate the
stress reduction factor ϕ = 0.697 and the critical factor of the element, which is
almost equal to the initial value Kn

R = 0.996 ≈ KR = 1.

4 Conclusions

1. To solve the stability problem of centrally compressed bars, an engineering
algorithm is formulated. Using the author’s approach makes it possible to
simplify the procedure for determining the section dimensions. At the same
time, the accuracy of the calculation remains quite high and complies with
current standards.

2. The algorithm is based on the use of empirical dependence in determining the
stress reduction factor. The study shows a fairly accurate correspondence of the
results of the author’s approach with the relationship given in current standards
for a wide range of slenderness.

3. The original solution for the desired characteristics of the sections of centrally
compressed elements is presented through the Lambert function. This allows
you to choose the desired overall size of the compressed bar from the conditions
of its operation in tension.
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4. The given practical example of calculation shows the simplicity of the calcula-
tion according to the proposed algorithm and the full compliance of the result
with the requirements of regulatory documents.

References

1. Streletskii NS (1959) Rabota szhatykh stoek. Gosudarstvennoe izdatelstvo literatury po
stroitelstvu, arkhitekture i stroitelnym materialam Moskva

2. PerelmuterAV,SlivkerVI (2010)Ustoichivost ravnovesiia konstruktsii i rodstvennye problemy.
SKAD SOFT, Moskva

3. Timoshenko SP, Gere JM (2009) Theory of Elastic Stability. Dover Publications, New York
(2009)

4. Bazant ZP, Cedolin SL (2010) Stability of Structures: Elastic, Inelastic, Fracture and Damage
Theories. World Scientific Publishing Company

5. Alfutov NA (2009) Stability of Elastic Structures. Springer, Berlin
6. Qiusheng L, Hong C, Guiqing L (1995) Stability analysis of bars with varying cross-section.

Int J Solids Struct 32(21):3217–3228
7. Nikolic A, Salinic S (2017) Buckling analysis of non-prismatic columns: a rigid multibody

approach. Eng Struct 143:511–521
8. Li QS (2009) Exact solutions for the generalized Euler’s problem. J Appl Mech 76(4):1015–

1024
9. Elishakoff I (2001) Inverse buckling problem for inhomogeneous columns. Int J Solids Struct

38:457–464
10. Otrosh Y, Kovalov A, Semkiv O, Rudeshko I, Diven V (2018)Methodology remaining lifetime

determination of the building structures. In: Matec Web of Conferences, vol 230, p 02023
11. DBN V.2.6–198:2014 Stalevi Konstruktsii. Normy Proektuvannia. Minrehionbud, Kyiv
12. Makhinko N (2018) Stress-strain state of the storage silos under the action of the asymmetric

load. In: Matec Web of Conference, vol 230, p 02018
13. MakhinkoN (2019) Imovirnisnyi rozrakhunokkoefitsiientu krytychnoho faktoru dlia tsentralno

stysnutykh elementiv. Zbirnyk Naukovykh Prats UkrDUZT 183:80–86
14. GOST 26020–83 Hot-rolled steel I-beam with parallel flange edges. Dimensions. Izdatelstvo

standartov, Moskva (1983)
15. PichuginS (2017) Probabilistic description of ground snow loads for ukraine. Snowengineering

2000: Recent advances and developments, pp 251–256. https://doi.org/10.1201/978020373
9532

16. Pichugin S, Severin V (2004) Reliability of structures under snow load in ukraine. Snow
engineering V, pp 67–72

17. PichuginSF,Makhin’KoAV(2009)Calculationof the reliability of steel undergroundpipelines.
Strength Mater 41(5):541–547.https://doi.org/10.1007/s11223-009-9153-0

18. Pavlenko A, Koshlak H (2015) Design of processes of thermal bloating of silicates. Metallurg
Mining Ind 7(1):118–122

19. Pichugin SF (2018) Reliability estimation of industrial building structures. Mag Civil Eng
83(7):24–37.https://doi.org/10.18720/MCE.83.3

https://doi.org/10.1201/9780203739532
https://doi.org/10.1007/s11223-009-9153-0
https://doi.org/10.18720/MCE.83.3


Thermal Calculation and Its
Optimization

Borys Makovetsky , Petro Sankov , Volodymyr Hilov ,
and Mykhailo Troshin

Abstract In 2013 significant changes in respect of thermal properties for enclo-
sures of buildings were introduced to the DBN “Thermal building insulation”.
Requirements to thermal properties of enclosing structures have nearly doubled.
Such changes were aimed at reducing heat consumption for buildings that will be
built after the release ofDBN.The samebuildings thatwere built in the country before
are subject to insulation with thermal insulation materials. The authors proposed the
idea of simplifying the thermal calculation in order to have an express method of
quick results. For this purpose, work was carried out to unify the types of enclosing
structures for the period from 1930 to 2000. The analysis of types of heat-insulating
materials which were used at that time in construction is made. As a result two clas-
sifications were proposed, presented in the form of tables. The first classification
was carried out by types of enclosing structures for all residential buildings using the
principles of typification and unification. The second classification, with a reduction
in the nomenclature, is devoted to thermal insulation materials that serve as auxiliary
insulation to enclosing structures (walls). The proposed classifications became the
basis for the development of a graphical analytic method of calculation in the form
of nomograms. Nomograms accelerate the calculation by obtaining instant results.
Graphical analytic method of calculation allows determining the thickness of the
shell of the outer walls of buildings that are being insulated.
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1 Introduction

1.1 Analysis of Recent Research on the Insulation
of Existing Residential Buildings

Earlier, during the Soviet era, heating cost a penny. From now on, reducing heat
consumption is the way to significant savings. And it is possible only with auxiliary
heat insulation of enclosing structures. For countries in Europe andAsia, this problem
is not relevant, as their regulations on thermal insulation of buildings have long been
introduced with regulatory thermal resistance of wall enclosures, which corresponds
to the weather conditions of these countries and they always paid for energy products
at world prices. Therefore, to make the analysis on heat insulation of houses of
existing inhabited building it is possible in a part of existing systems of heat insulation
of enclosing structures which there were offered in 70th and in years of the last
century. In 2020, theEU introduced strict rules to reduce primary energy consumption
in buildings. These standards have also been introduced to reduce carbon dioxide
emissions from energy (gas, coal, fuel oil). The strictest rules are in Denmark [1].
It should be noted that a fairly simple thermal calculation by the authors was not
found, because in most countries there are computer programs that are distributed
and used free of charge [2]. According to the literature analysis [3–5], known systems
for external insulation of buildings, which are generally as multi-layered “pies” that
perform the functions of insulation and decoration of the facade. There are wet
plaster system (light and heavy) and ventilated facades [3, 4]. These systems came
to Ukraine in the late twentieth century from Europe, where they were successfully
used. So our task is to find out which systems are most attractive for use in Ukraine,
and which can be combined to reduce species and nomenclature. Having a smaller
number of input data, it is possible to simplify the thermal calculation, where the
required value is the thermal resistance of the outer walls.

1.2 Analysis of the Typology of Residential Buildings
by Types of Construction of Outer Walls

As have been mentioned earlier, heat consumption in residential buildings is
distributed through enclosing structures (walls, windows, attics) [6–8]. We stopped
at the walls, where more heat is consumed due to large volumes [9, 10]. The effect
on heat transfer mainly depends on the properties of the material, the wall thickness
[11, 12].

Theoretical foundations of thermal calculation emerged in the 30 s of the twentieth
century [13–16]. Prior to that, the material and thickness for the walls were chosen
by experience.
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Therefore, on this basis, the analysis and classification of materials [7] and struc-
tures of walls for residential buildings since 1930 has been performed. Housing
construction from this time on structural systems, schemes is divided into 3 periods
in terms of changes in time of structures and materials of enclosing walls. The classi-
fication is made in the form of a table.Which became the basis for the share of factors
that became a component for obtaining a simplified engineering thermal calculation
[17].

1.3 Analysis of the Nomenclature of Thermal Materials

Themain feature of heat-insulating materials is their high porosity, small density and
low thermal conductivity.

Themodern range of thermalmaterials impresses with a variety of forms, physical
factors and raw material base [3, 18]. From all this, attention was focused on the
following properties: the lowest thermal conductivity; ecological purity; fire danger;
durability; manufacturability in installation; estimated cost.

The analysis gave a classification of materials that met the needs of thermal
insulation, which would be mounted on the outer walls from the outside. In such a
way the second important component of the simplified technological calculation was
received.

1.4 Formulation of the Problem

For Ukraine, the issues of improving people’s living conditions and health have
been and are one of the main directions of socio-economic policy. There should be
a comfortable life in residential buildings with an internal temperature that ensures
health with low amounts of energy losses and, as a consequence, the funds of citizens
[19]. We also made a small contribution to solving this problem, making the design
of thermal protection more accelerated.

2 Goal

Development of the simplified engineering thermotechnical calculation at designing
of external thermal insulation on earlier constructed apartment houses.

To achieve the goal the following tasks are set:

– to study the world experience of neglecting thermal insulation in residential
buildings;
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– to develop a classification of residential buildings and their parts subject to
additional insulation in accordance with the rules [19];

– to develop a classification of thermal insulation materials for outer walls;
– using the graphical analytic method to develop nomograms that simplify the

thermal calculation.

3 Methodology

In this paper we present the analysis of building systems, constructive schemes of
apartment houses ofmass building, aswell as the analysis of themodern range of heat-
insulating materials, the thermal engineering calculation by means of nomograms.

3.1 Structural and Thermal Properties of Outer Walls
of Residential Buildings

The analysis covered the construction of Ukraine, which was built from the 30 s of
the last century to 2000 years.

Three periods of construction were identified, which influenced the qualitative
and quantitative characteristics of buildings. These are the houses of 1930–1960,
1960–1970 and 1970–2000 (Fig. 1a, b, c).

On the basis of the conducted researches of the whole array of residential build-
ings, the main representatives of which are the houses, which are shown in Fig. 1a–c
the classification of the basic inhabited designs of outer walls which are the most
widespread and need auxiliary external heat insulation “the Common materials of
constructions of outer walls of houses (Table 1)” was made [20, 21].

 )c )b )a

Fig. 1 Buildings built in a 1930–1960, b 1960–1970, c 1970–2000
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Table 1 Common material of constructions of outer walls of houses

Material Thickness ρo, kg/m3 Floor thickness δ1, m Thermal conductivity
λp, W/(m*K)

Buildings built in 1930–1950

Clay brick 1700 0,51–0,64 0,64

Buildings built in 1950–1970

Silicate brick 1800 0,51 0,76

Slag concrete blocks 1000 0,4 0,33

The panels are
single-layer

2500 0,35–0,4 0,50

Buildings built in 1970–2000

Silicate brick 1800 0,51 0,76

Slag concrete blocks 1000 0,4 0,33

Panels are two-layer
and three-layer

2500 0,35–0,4 0,40

Buildings built in 2000 and later

Two-layer reinforced
concrete and
lightweight concrete

2500 0,2–0,4 0,40

Aerated and foam
concrete block

1000 0,2–0,4 0,30

3.2 Structural and Physical Properties of Heat-Insulating
Materials for Long-Term Heat Insulation of Houses

When selecting insulation, it is necessary to pay attention not only to its price (in
Ukraine, this position is most relevant), but also to the technological characteris-
tics, in addition to the complexity of installation. The application includes: soft and
flexible products (mats, cords, harnesses); rigid heaters (plates, shells); liquid spray
compositions; granular modifications.

Of the soft, mineral wool insulation is considered to be quite cheap and effective,
durable and fireproof, vapour-permeable. Of the rigid insulation, the cheapest is
expanded polystyrene, but it is flammable and moisture-proof. Extruded polystyrene
foam does not have these defects.

Liquid spray compositions are quite expensive, but not technological in terms
of forming the surface of the facade of buildings. Granular modifications for the
walls were not considered. Polyurethane foam has the lowest thermal conductivity,
does not burn, but is quite expensive. Soft insulation is converted into hardboard,
usually impregnated with formaldehyde. But there are those that are environmentally
friendly, but of course very expensive. Based on the analysis of most indicators, a
classification is made from a small list of insulation materials “Materials for heat
insulation of building of buildings” (Table 2).
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Table 2 Materials for heat insulation of building of buildings

Name Thickness ρo, kg/m3 Thermal conductivity λp,
W/(m*K)

Price, UAH m2

Plates from mineral wool
(from 3,5 to 4,2%)

70 0,039 117–156

Basalt-fiber plates 90 0,050 100–150

Fiberglass plates 45 0,040 100–200

Polystyrene foam plates 50 0,040 10–20

Expanded polystyrene
extrusion

39 0,037 30–60

Polystyrene foam plates 40 0,040 150

4 Development of a Graphic Method of Thermal
Calculation

4.1 Calculation for Enclosing Structures

Thermal calculation is to determine the minimum sufficient value of heat transfer
resistance of the outer enclosing structure. In this case, the calculated value of the
heat transfer resistance of the enclosing structure must be not less than the value
required for sanitary and hygienic and construction and technical indicators.

The main task of thermal calculation is the selection of the thickness of the
insulation for the outer surface of the walls; this task is performed using nomograms.

For external thermally homogeneous enclosing structures of heating buildings
and structures it is obligatory to fulfill the condition:

R∑ ≥ Rq min, (1)

�R = Rqmin − R�, (2)

R�−reduced total thermal resistance of impervious enclosing structure,
�R−the minimum permissible resistance value of heat transmission of imper-

vious enclosing structure.
Using Formulas (1) and (2), we construct nomograms forwall enclosing structures

for 1 temperature zone (Fig. 2) and 2 temperature zones (Fig. 3).
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Fig. 2 Nomogram depending on the depth and material of the wall, as well as thermal insulation
for the 1 temperature zone of Ukraine (�R = 3, 142)

Fig. 3 Nomogram depending on the depth and material of the wall, as well as thermal insulation
for the 2 temperature zone of Ukraine (�R = 2, 642)
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5 Conclusions

To achieve this goal, the work was carried out to survey the types of residential
buildings that were built before the release of DBN. The classification on building
and constructive systems, on enclosing structures (walls) is presented in a tabular
form.

It was established that auxiliary thermal insulation depends on the thermal insu-
lation material (physical properties, thickness, service life, manufacturability and
cost). An analytical review was made, which revealed almost the entire range of
these products. The classification of heat-insulating materials which are most suit-
able for application of warming is made in the tabular form. Their list is reduced to
10 items.

Having thematerial in the form of two classifications, nomogramswere developed
by graphical analytic method, which greatly simplifies the thermal calculation of
enclosing structures.

Using the nomograms (Fig. 2) the following conclusions have been made:

1) as themain thermal insulations for 1 climatic zone it is necessary to use expanded
polystyrene extrusion, expanded polyurethane;

2) the thickness of the insulation, depending on the material of the walls must be
not less than: a) for walls from a clay brick 510mm thick, thickness of expanded
polystyrene extrusion is equal to 100mm, b) forwalls from large blocks 400mm
thick - the thickness of expanded polystyrene extrusion is 150mm, c) for aerated
and foam concrete blocks with a thickness of 200–150 mm, with a thickness of
400–100 mm.

In the capacity of directions for future research, authors have been started a work
on the development of similar nomograms for the roofs of residential buildings.
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Control of Thermal Energy Consumption
Mode for Multifunctional Buildings

Nurmammad Mammadov and Oleg Yurin

Abstract At present there are many mathematical models of optimal control, plan-
ning and distribution of thermal energy, however in real conditions, their use is
often difficult. First of all it concerns prompt control and distribution of thermal
energy among consumers when there arises a problem of prompt correction of initial
information and feedback on actual consumption. At the same time, one has to deal
with uncertainties of goals arising on simultaneous execution of variousmanagement
tasks and providing necessary values under extreme climatic conditions or emergency
situations. As a result of impact of disturbing factors (climatic parameters of environ-
ment, operating conditions of buildings, organizational factors, emergency situations
and so on), and also incompleteness and inaccuracy of initial information, controlled
parameters turn out to be fuzzy. Obviously, further improvement of the system of
planning, control and distribution of thermal energy among consumers of different
categories, improving the efficiency and reliability of the operation of modern build-
ings especially in extreme cases, are related to transition to a new modeling system,
in particular to new information technology and creation on its basis new systems of
optimal and prompt control, distribution and exploitation. In the paper we analyze
possibility of using expert systems for regulating heat consumption mode in modern
buildings. We often a structure of hybrid expert system of thermal energy control for
modern multifunctional buildings.
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1 Introduction

Complication of the structure, spread in extension and increase in energy intensity of
modern buildings and also intensification of operational modes reduce to the fact that
traditional control methods applied in these buildings have ceased to be an effective
means of rational distribution of thermal energy among consumers. This led to sharp
increase in unproductive costs of material and energy resources, to a decrease in
degree of satisfaction of thermal energy consumers.

As management objects, modern residential and public multifunctional build-
ings belong to the class of multidimensional multiplyconnected nonlinear stochastic
systems with distributed parameters whose specific feature is their multilevel struc-
ture, high level of uncertainty of the structure, parameters and states of the control
object (building), availability of continuous and discrete components in the control
vector.

At present there is a considerable experience in modeling and optimization of
the mode of distribution and control of thermal energy in modern buildings [1, 2].
However, the worked out optimization methods as a rule are deterministic, ignore
real operating conditions of the buildings related to uncertainty both of the control
object and environment.

Optimal solution on distribution and control of thermal energy among consumers
obtained bymeans of these methods correspond only to specific boundary conditions
and are as a rule are on the border of the feasible area. Practically, this led to the fact
that even minor variations of boundary conditions could essentially change not only
optimal solution but also to take it out of the area of technological feasible modes: i.e.
to lead to an emergency situation. Naturally, such optimal solutions are unacceptable
for practice.

At present, there are many mathematical models of optimal control, planning and
distribution of thermal energy, however in real conditions, their use is often difficult.
First of all it concerns prompt control and distribution of thermal energy among
consumers when there arises a problem of prompt correction of initial information
and feedback on actual consumption. At the same time, one has to deal with uncer-
tainties of goals arising on simultaneous execution of various management tasks and
providing necessary values under extreme climatic conditions or emergency situa-
tions. As a result of impact of disturbing factors (climatic parameters of environment,
operating conditions of buildings, organizational factors, emergency situations and
so on), and also incompleteness and inaccuracy of initial information, controlled
parameters turn out to be fuzzy.

Traditional regulation, control and exploitation methods applied in modern
centralized heat supply systems ceased to be effective and there was a sharp increase
material and thermal power resources, decrease in the quality of uninterrupted
provision and degree of satisfaction of consumers.

Obviously, further improvement of the systemof planning, control anddistribution
of thermal energy among consumers of different categories, improving the efficiency
and reliability of the operation of modern buildings especially in extreme cases, are
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related to transition to a new modeling system, in particular to new information
technology and creation on its basis new systems of optimal and prompt control,
distribution and exploitation.

2 Methodology

The main goal of prompt control of thermal energy distribution for residential build-
ings is to ensure more complete satisfaction of continuously changing requirements
of consumers. As known, the existing mathematical models of optimal planning and
control in real conditions are often not workable. Especially it concerns operational
schedulingwhere there arises a problemof feasibility ofmodels and necessity of their
prompt correction with regard to feedback information on actual heat consumption.
This time, one has to face with uncertainty of goals arising from the desire to perform
simultaneously unattainable tasks for providing consumers with necessary amount
of thermal energy on one hand, and providing extreme value of the selected economic
criteria on the other hand. Furthermore, as a result of impact of disturbing factors and
also incompleteness and uncertainty of initial information the basic system parame-
ters (thermal energy consumption, limitations, coefficients) turn to be fuzzy. In this
connection, production planning specialists tend to use in practice their own decision
rules based on their experience and intuition. Although such heuristic rules do not
guarantee mathematical optimality, turn out to be adequate to real conditions.

The structure of the process of prompt control of thermal energy distribution can
be represented in the form of two main stage or level of management:

1. Prompt control of thermal energy distributionwith regard to prevailing influence
of some criteria on the given planning period (minor operating costs, maximum
heat energy supply of consumers, etc.).

2. Stabilization of all or at least of some phase coordinates (consumption, tempera-
ture) providing minimum variance of these coordinates related to the calculated
or planned settings.

The solution of such problems, is usually separated in time and space,
requires various volume and character of prompt information, mathematical models
describing the control objects (buildings or placements), various methods or criteria.

In this direction we have studied new approaches to the solution of problems of
planning and distribution of thermal energy based on the conception of L. Zadeh’s
fuzzy sets [3, 4]. The offered approaches allow to consider such factors as experience
and intuition difficult to formalize.

Further improvement of the system of planning and control, their efficiency and
reliability are related to transition to a new information technology and creation on
its basis qualitatively new systems based on buildings. As noted above, a modern
building with continuous character of exploitation is a complex production system
consisting of a dozen of maintenance services. The goal of an operational-dispatcher
control of a buildingwith continuous exploitation is to provide trouble-free, rhythmic
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and uninterrupted functioning of all communal systems. A great majority of specific
decisions on the actions of these systems is accepted by the dispatcher on duty.
He constantly analyzes the incoming information to reveal deviations from normal
functioning of the system. If such a deviation happens, the dispatcher should neces-
sarily find the reason for its occurrence. After identifying the reason, the dispatcher
develops a sequence of actions to eliminate the unfavorable situation. Thus, the
dispatcher constantly performs the tasks of tracking the progress of operation, anal-
ysis of situation and planning of actions. Furthermore, he has periodically deal with
calculated computational problems. It should be noted that unlike othermodernmath-
ematical tools, the expert systems model human thinking mechanism in relation to
the solution of the problem, form certain considerations and conclusions based on
the knowledge they have. These systems unlike traditional approaches, offer a set
of conceptions fit for solving complex problems in the cases when mathematical
solutions are either unknown or ineffective.

The operating experience of automated operational-dispatcher control systems
in modern buildings showed that the used traditional “rigid” formal mathematical
models are not sufficiently adequate to the control object. Therefore there arises a
need to create dispatcher room that controls the expert technological system, that
combines in itself such advantages of modern computers as high performance,
large memory and huge computing power and also a highly qualified specialist
accumulating experience and knowledge of an expert in this field [5–7].

Functionally, dispatching control expert technological system is intended to help
the dispatcher in the process of his work and provide himwith advices, recommenda-
tions on actions in the established situation, with prompt and reliable information and
also possibility to perform calculated character tasks. The process of expert system
building can be divided into 5 stages (Fig. 1).

Stage 1 is the definition of goals and objectives for which the system is struc-
tured. Here, first of all the spectrum of problems and their typical features are estab-
lished. The precise technical task for the system under development will help in
future to outline correctly the area of knowledges of the expert, necessary to define
actual energy consumption. Secondly, it is important to define potential users of the
system that also influences on necessary level of the work of the expert system and
consequently on the level of required knowledges.

Stage 2 is highlighting the main concepts of the subject area that reflects the
knowledge of experts. Highlighting of such concepts allows to analyze what type
knowledges uses the expert when defining heat energy consumption. This helps
engineers to select the formal means of representation of knowledges and procedures
for getting decisions that are the most suitable for the decision making process by
the expert in the field of exploitation of communal systems of buildings.

Stage 3 is the selection of the language of representation of knowledges and a
solver that in our opinion to a large extent causes the success of the creation of the
expert system to accurately define heat energy consumption.
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Defining goals and objectives 

                     Highlighting the main concepts 

Formalization 

Construction of a knowledge base 

Expert system check 

Fig. 1 Expert system building stages

Stage 4 is the direct construction of knowledge base of the expert system. A
knowledge engineer being actually a translator between the expert and computer
brings the knowledges in the field of exploitation of buildings obtained from the
expert and written in the language of representation of knowledges.

Stage 5 consists of checking the work of the expert system. Verification is carried
out by solving the benchmarks on control of heat energy consumption mode by the
expert system. Evolution of views on the problem of control of complex systems
in the context of the use of these or other formalisms to construct adequate models
of controlled objects, passing through the stage of creating the need to take into
account the human factor in them led the specialists in the field of engineering and
construction to formation of the concept of construction of “intellectual” knowledges.

Expert systems, as the most actively developing areas of ideology of classic arti-
ficial intelligence, imitating human ways of reasoning are capable to solve control
problems no worse than a man, an expert. Moreover, such systems intelligently
combining dignity of human – machine dialogue systems with heuristic models
get a number of principally new and extremely important properties. This, first all,
is the possibility to represent the expert knowledges in the language close to the
natural language of human communication, to solve the problems based on these
knowledges and perhaps the most important thing to verify the goals of control,
i.e. to confirm the correctness of the adopted decision [8]. The fact is that the level
of complexity of operation of modern buildings, uncertainty of their functioning
parameters, large dimension of their management problems do not allow to create
such universal knowledge base of the expert system that could give solutions adequate
to frequent emergency situations out of bounds.
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It was natural to look for ways out of this situation by imparting some dynamism
to the expert system in the sense of the possibility of a more flexible and prompt
response to changing comfortable conditions inside the building in real time. And
moreover periodically updated knowledge base models should allow based on the
analysis of trends in the change in the parameters of the outside air, to predict possible
changes in the parameters in the rooms and generate appropriate decisions.

For the purpose of prompt data processing in a real time environment and solutions
of the problems of control of thermal mode in modern buildings, the general problem
of control was decomposed by us into a number of narrowly focused subproblems
as:

• Recognition of all operational events uniquely associated with some unforeseen
problems that lead to existing changes in themode of thermal energy consumption;

• Arbitration of the priorities of these events;
• Analysis of the event for the purpose of recognition and identification of the

corresponding unforeseen problem;
• Arbitration of the priorities of the basic problems;
• Coordination of above processes.

Efficiency of thermal energy consumption mode control largely depends on the
timeliness and promptness of the recognition of unforeseen operational problems.

Traditionally, to solve the optimal control problem, the accumulated experience
of preliminarily prepared plan of exploitation measures and the way of life of people
living in this building is used. However, practical implementation of prompt and
optimal control of thermal energy consumption mode for modern buildings does
not allow to get desired results, rhythmic control and stability of provision of all
consumes with necessary amount of thermal energy and this is accompanied with
violation of comfort of individual consumers and promptness of the work of the heat
supply system of the building as a whole.

The problem of real world, its problematic areas as urban planning, environmental
protection, ecology of the city and others are characterized by weak structurenedness
and fuzzy formalization, the knowledge in these areas are insufficient. The greatest
practical results in the solution of above problems can be achieved bymeans of expert
systems being in essence one of the methods of artificial intelligence.

The offered technique for constructing a mathematical model of an ecologically
friendlymodel of “intellectual” and safemodern buildingwith efficient use of thermal
energy based on expert system allows to solve the above problems.

In this connection, we developed a hybrid expert system based on a complex
exploitation of a building and that will be implemented on the base of experience
and knowledge of experts in the given field and optimization methods.

The given hybrid expert system is intended for solving the problems of control
regulation of thermal energy consumption problems based on combination of knowl-
edge of experts and optimization conditions, ensuring the development of practically
acceptable control formulations.

The structure of the hybrid expert system includes the following blocks (Fig. 2):
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Fig. 2 Approximate scheme of the hybrid expert system of thermal energy control in modern
buildings

1. Expert system. It consists of a knowledge base, database, inference block and
interface unit with a user.

• Optimization calculation block.
• A dispatcher participates in a hybrid expert system to organize the thermal

energy control mode. He performs the following actions:
• Filling the data file containing the current values of indicators for the thermal

energy consumption, transfer of the file to the optimization block.
• Activation of optimization and control procedures.
• Interpretation of optimization and control results.
• The knowledge base contains the rules that use experts when composing optimal

forecast value of thermal energy consumption.

The database of the system contains current data on thermal energy consumption.
The logical comparison block implements the procedure of comparison of expert
and archive data. The integration unit with a building includes a dialogue system
and a subsystem of explanations on divergence of expert and archive data on thermal
energy consumption of the building.

The dialogue subsystem allows to implement input and interpretation of data
that can be entered from the central database. The subsystem of explanations on
divergence of expert and archive data forms the text of explanation, recommends
formulations based on tracing of inference. The block of optimizational calculations
allows to solve a optimization problem consisting of determination of such relations
between climatic parameters of inner air under which thermal energy consumption
for ensuring data of climatic conditions would be optimal.
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Working session with a hybrid expert system starts with input of dialogue
subsystem of current data on thermal energy consumption, that are send to database.
The inference block based on current data forms admissible value of consumption
and admissible norms of deviation. If the value given by the system sharply differs,
then the subsystem of explanations forms the reason of deviation. Based on the
standard optimization package the optimization block performs calculations within
admissible norms. The knowledge base contains informal expert calculations based
on the construction of “abstract” plan on heat energy consumption.

3 Conclusions

According to this plan, the process of solution of the problem is decomposed into
three levels. The principle on the base of which internal parameters components are
chosen on each level is that qualitative and quantitative parameters of thermal energy
correspond to the values required on this level. Such on approach allows to highlight
the purposes in the solution of the problem, that can be implemented in less detail,
in a general form. To implement these goals the procedure of formation of forecast
value of thermal energy consumption can be decomposed into the following stages:

• analysis of outside air, thermal energy and inside air parameters;
• formation and definition of optimization parameters;
• formation of optimal output values of thermal energy consumption.

The system constantly comparises the output values with the contents of the
knowledge base, monitors to have not been violations of the norms of marginal
admissible values. When solving the problem one can return to the beginning, to
correct the optimal output value and then again to solve the problem. If the obtained
value sharply differs from archive data and the explanation does not satisfy the expert,
he makes necessary corrections and the solution process starts over.
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Production Risks Assessment
as a Method of Construction Industry
Safety Management

Roman Pahomov , Oleksandr Zyma , Ferahim Veliyev ,
and Ivan Peleshko

Abstract The dynamics of occupational injuries with fatal consequences in Ukraine
was considered in the article. The main reasons that significantly affect the injuries
level in the construction industry and in the construction materials industry have
been identified and analyzed. The results of the production process factors compre-
hensive survey, which allow to assess the safety state, provide a basis for the anal-
ysis of working conditions and the operational management actions development
in the construction industry and in the building materials production industry were
considered. The concept of risk, main stages, methods and criteria of risk assessment
are defined. The main activity directions of state and branch management bodies
on reduction of risks occurrence are also recommended. It is explained in detail
why risk assessment as the safety management method of technological processes
and production, and as a means of practical measures implementation of industrial
hazards prevention or reduction should be part of a systematic approach to the labor
process implementation.

Keywords Construction industry · Occupational safety · Production risks ·
Production traumatism · Risk assessment

1 Introduction

The construction industry is one of the most promising and profitable economic
activities, but at the same time – problematic and dangerous. Analyzing the circum-
stances and causes of the construction site accidents, it was established that the
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main accidents causes at work are organizational, technical and psychophysiolog-
ical causes. Organizational causes predominate among the fatal accidents causes (58,
7%). That is, employees ignore the requirements of labor protection instructions and
job descriptions; violate the rules of safety and technological process. The second
place in the anti-rating (26.4%) is occupied by psychophysical, man-made, natural,
environmental and social causes. In third place – technical causes (14.9%) [1–3]. But
it is impossible to improve the activity conditions, to increase security with the help
of organizational measures alone. Certain technical measures are required. Mistakes
of various kinds can cost lives, deteriorate health, and cause significant material loss.
Absolute safety cannot be achieved in practice, there is always some excess risk.

Risk is a measure of expected failure, failure to act, the adverse effects risk on
human health; certain phenomena that are accompanied by possible material losses.
Risk is characterized by surprise, the sudden onset of a dangerous situation, which
involves rapid and decisive action to eliminate or reduce the danger source impact.
The risk concept combines two elements: the frequency (probability) with which a
dangerous event occurs and the adverse effects consequences.

In the article, the construction industry and the construction materials industry
are considered as industries in the traditional definition. The construction industry
includes enterprises and companies engaged in activities related to the design,
construction and operation of buildings and structures. Production risks inherent
in the enterprises activities in the construction industry and the construction mate-
rials production, are determined primarily by the content of these activities. Analysis
and assessment of occupational injuries are necessary conditions for the successful
operation of any system, including – labor protection. Based on the dynamics, it is
possible to judge to what extent the state of the system has become better or worse
compared to the base period, to assess the implementation of targets and manage-
ment effectiveness for the possibility of preventive measures planning. This can be
done only on the basis of targets and criteria set, their numerical evaluation and
comparison with set or baseline values. The determination problem of the objective
quantitative indicators that characterize the labor protection state (level), production
safety or hazard, the human–environment system reliability, is relevant and specific
to each enterprise. However, there must be common approaches to solving it.

Risk assessment as a safety management method of technological processes and
production, and as ameans of practicalmeasures implementation to prevent or reduce
industrial hazards should be part of a systematic approach to the labor process imple-
mentation. With regard to practical application, it should be noted that the method-
ological apparatus of risk analysis and assessment is already used in various areas
of economic activity. The idea of the article is to use the developed comprehensive
criteria that take into account harmful production factors; justify the funds alloca-
tion to reduce occupational injuries to improve formation and evaluation methods of
socio-economic measures effectiveness to improve working conditions.
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2 Formulation of the Problem

The accident risks analysis and assessment methodology at the objects of the
construction industry and the construction materials industry is actively developing.
Therefore, the development of new and improvement of existing approaches, models
andmethods of accidents risk assessment, their computer implementation remains an
urgent task for our state. Determination of accident risk assessment should be based
on the monitoring results of the potentially dangerous objects technical condition,
statistics on man-made nature accidents and emergencies, dangerous geological and
hydrometeorological processes comprehensive monitoring, the natural complexes
state, aswell as relevant dangerous situationsmodeling and their public health impact.

3 Scientific Novelty

The paper further developed the scientific task of developing an effective method
of applying a risk-oriented approach to the industrial hazards assessment in the
construction industry and construction materials industry.

4 Analysis of Recent Studies

Analysis of risk assessment and decision-making modern methods, in conditions of
uncertainty, showed that different authors consider the term «risk» differently. Most
often, the concept of risk is associated with the adverse event probability.

Defining risk as the degree of a certain adverse event probability that may occur at
a certain time or under certain circumstances on the high-risk facility territory and /
or outside it, is to determine the accident probability at the facility for a certain period
of time, as usually for a year. A.O. Imasheva uses a static method to quantify the
risk, according to which the risk criteria are the average deviation and the coefficient
of variation [4].

In technical systems, reliability is the property of an object to function satis-
factorily for a certain time in a given mode and use or maintenance conditions
[5].

Analysis of other well-known publications [6–11, 13–17] showed that although
today there are some studies in the theory and practice of risk-oriented approach
usage to hazard assessment. They are not enough for practical implementation in the
current occupational safety management system.
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5 The Aim

The aim of this article is to improve the occupational injuries analysis methodology,
taking into account the accidents risks, as well as to develop measures to reduce
injuries and occupational diseases.

When analyzing the enterprise activities must take into account the risks it faces.
Therefore, the main tasks include the following: the study of occupational injuries
existing methods; occupational injuries methods selection and improvement; identi-
fication of traumatic factors influencing the indicators of occupational injuries; study
of the production risks existing methods determination.

6 The Method

The analytical method of researches is used in the work. The methodological basis
of the study is a systems approach, which is based on such principles as integrity,
structure, the relationship of system and environment.

7 The Main Material and Results Presentation

Construction, in comparison with the coal, chemical, socio-cultural sphere and trade,
transport, etc., belongs to one of those industries that are characterized by the risks
significant number probability. In addition, an important role is given tofinancial risks
in the construction industry. These risks arise from unforeseen changes in legislation
or economy. They can have a negative impact on the results, given the investment
duration and the construction process capital intensity.

Currently, risk is increasingly used to assess the negative factors impact in the
building materials and products production. This is due to the fact that risk as a
hazards realization quantitative characteristic can be used to assess working condi-
tions, economic losses, the number of accidents and diseases at work, as well as to
form a system of social policy at the enterprise (compensation, benefits).

Quantitative risk assessment is the values assessing process of the probability and
consequences of adverse events. Hazards can be realized in the form of injuries or
diseases, only if the hazards formation intersects with the human activity area. In
industrial conditions, it is a work area and a source of danger (one of the industrial
production elements).

In modern domestic and foreign practice to formalize the risk (R) is widely used
model that links the probability (P) of a negative event A (accident, catastrophe) and
the probable magnitude of possible consequences (W) as a result of this event, as
shown in Eq. (1):
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R(A) = P(A)×W(A) (1)

The probability P (A) present in this model numerically expresses the degree
of negative event A possibility realization connected with an uncertain situation.
The probable magnitude of the expected consequences W (A) as a negative event A
result implementation depends not only on possible losses (number of dead, injuried,
material losses), but also on the object vulnerability degree to event A, determined
by Eq. (2):

W(A) = V(A) × U(A) (2)

WhereW(A)—the probable magnitude of the event A possible consequences imple-
mentation; V(A)—the object vulnerability degree for event A; U(A)—conditional
total loss as a result of the event A implementation.

Thus, substituting expression (2) in Eq. (1), it could be obtained a model for
determining the risk level:

R(A) = P(A)× V(A)× U(A) (3)

Where R(A)—risk (negative event A); P(A)—the probability that there is a certain
risk; V(A)—the probability that risk can be avoided; U(A)—a category that
determines the risk severity.

Therefore, Eq. (3) is common to all types of risks, characterized by their risk scale.
But in its practical use in each case there may be a need for additional research.

The criteria for the risk degree determining in the general case should be: legis-
lation analysis; working hours timing; connection with regulations on dangerous
equipment; connection with fire safety regulations; connection with environmental
regulations; analysis of injuries and morbidity in the workplace (for the last 5 years);
existing risk factors and their measurement (job-places certification data); available
employee complaints; job review; poll; documentation (results of various inspec-
tions); data on the service life and technological equipment wear degree; staff qual-
ification and motivation data. The values of P and U, according to the proposed
Tables 1 and 2, can be quite objectively selected from statistics (Table 3).

Systematizing information about the work process circumstances that affect risk
factors by workplaces groups with similar working conditions, it is necessary to
begin risk assessment. The risk degree and action in this process determination it
could be determined after the risk magnitude [12]:

• more than 100—risk reduction is mandatory. If due to lack of funds it is not
possible to take preventive measures, then work in the danger zone is strictly
prohibited;

• 85…100—work can be continued until the risk reduce or eliminate measures are
taken. If the work cannot be interrupted, then measures (collective) must be taken
within 1… 3 months;
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Table 1 Failure consequences (category U)

Consequences, P Description Rank

No effect Failure has no serious impact on the production process 0

Not important Very small failure (damage), significantly does not affect safety and
technological process

1

Small Failure with short-term effect, risk of personal injury and
emergencies are absent

2

Medium Failure, that may pose a risk to personnel, requires safety precautions 4

Serious Failure creates serious obstacles to work, damage to equipment,
requires special protection and safety measures, more time is needed
to eliminate

6

Very serious The failure created a serious danger, possibly a serious injury or death 8

Catastrophic The failure posed a serious threat to the health of a large number of
people

10

Table 2 Possible failure rate (probability P)

Event, A Description Rank

Very seldom Failure is almost impossible 0

Seldom Failure can occur every 2…3 years 3

Medium frequency Failure can occur once per year 5

Frequently Failure can occur 2… 3 times per year 8

Very friquently Failure can occur frequently, perhaps even 2…3 times per month 10

Table 3 Work process circumstances that affect risk factors (probability V)

Impact rank Impact description

0,6 These circumstances, which fully affect the risk factor, can lead to a significant
reduction

0,8 The impact of these work process circumstances on the risk factor is not as
complete as possible and may lead to a partial reduction of risk

1,0 The impact of these work process circumstances on the risk factor is negligible

1,2 The impact of these work process circumstances on the risk factor is not as
complete as possible in its intensity and may lead to a partial increase in risk

1,4 These circumstances, which fully affect the risk factor, can lead to a significant
increase

• 55…85—risk reducemeasures are needed, but they do not have to be implemented
immediately, economic considerations must be taken into account. Measures
should be taken at least 3… 5 months after the risk assessment;

• 25…55—medium risk, it is necessary to clarify security measures, set priorities;
• 0…25—low risk, the order of labormanagement organization and labor protection

is necessary.
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Injuries analysis by the events main type shows that most workers in the construc-
tion industry are deceleration injured; when collapsing objects, materials, rocks, soil;
actions of objects and parts that move, rotate. Injuries are often caused by unsatisfac-
tory technical condition of industrial facilities, buildings, structures, territory. The
analysis allows to determine the main directions for the measures development to
improve working conditions and reduce injuries in the construction industry and
the construction materials industry. An important factor in reducing injuries is the
industrial discipline introduction among workers.

Accidents unfavorable trend continuation at enterprises is an obstacle to the
industry effective functioning as a whole. To overcome negative phenomena, it
is required high-quality, systematic and purposeful activities of state and sectoral
authorities. At the sectoral level, the following areas require implementation:

• professional selection system improvement for work with dangerous and harmful
working conditions;

• restoration and ensuring themedical service effective functioning at the enterprise
and occupational health supervision;

• system development and implementation for the pathologies prevention after the
end of work in hazardous conditions, as well as workers transfer to workplaces
that do not have harmful and dangerous production factors.

8 Conclusions

The methodology of accident risks assessment analysis at the construction site
is actively developing, so the development of new and improvement of existing
approaches, models and methods of accident risk assessment, computer implemen-
tation remains an urgent task for our country. Determination of accident risk assess-
ments should be based on the monitoring results of potentially dangerous objects
technical condition; statistics on accidents and emergencies of man-made nature;
comprehensive monitoring of hazardous production factors; the state of natural
complexes; as well as the results of modeling relevant situations and their impact on
public health. The use of the risk indicator allows to compare the action of different
nature dangerous factors, to determine, taking into account each individual factor
contribution, the integrated degree of any industrial facility danger. The applica-
tion of risk assessment methodology makes it possible to develop mechanisms and
strategies for various regulatory measures to improve the safety of the construction
industry; set limits on the variability of risk values and uncertainties associated with
limited input or unresolved scientific problems.
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Design of Reinforced Concrete Members
Taking into Account the Influence
of Biaxial Bending

Andrii Pavlikov , Olha Harkava , and Kelvis Atembemoh

Abstract The majority of reinforced concrete members are subjected to biaxial
bending due to influence of many factors of constructive, technological and opera-
tional character. As a rule, a complex stress–strain state is led to a special case. This
approach leads to a distortion of the true picture of the reinforced concrete member
in conditions of complex loads. One of the ways to eliminate the existing problem
is to introduce into the theory of calculation the complex reinforced concrete defor-
mation model using complete stress–strain diagrams of materials. This will allow
to objectively taking into account the full range of physical and mechanical prop-
erties of concrete and reinforcement. The development of the deformation model,
whichwould equivalently reflect the patterns of phenomena occurring during the load
deformation of reinforced concrete members at the critical capacity of their compo-
nents depending on various factors, is an urgent problem. Its solution will make it
possible to obtain effective design solutions for structural systems of buildings, to
solve problems in a closed form.

Keywords Reinforced concrete · Biaxial bending · Design · Minimal amount ·
Ultimate strain

1 Introduction

It is known that the phenomenon of biaxial bending is quite common in the practice
of designing reinforced concrete structures and can be caused by many factors [1–3].
Nevertheless, today in the current regulations [4] its occurrence is considered only in
the tasks of the second type—strength analysis. As for taking this phenomenon into
account in the problems of the first type—strength design or calculating the required
area of the longitudinal reinforcement, the number of studies in this direction is
insufficient. Their replenishment at the current level is advisable to carry out on
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the basis of the introduction of the deformation model, equations of mechanics of
deformable solids and stress–strain diagrams of materials as evidenced by works
[5–7], as well as based on extreme principles [8].

In [2, 9–12], reinforced concrete members operating in biaxial bending conditions
were experimentally and theoretically investigated, and proposals for determining
the strength of such members based on a nonlinear deformation model are presented.
Scientists solve [13–18] the problem of calculating the bearing capacity of biaxially
bended members in general for sections of arbitrary configuration with and without
holes, but this approach is difficult to implement and does not solve the problem of
optimal reinforcement of such elements. Therefore, the development of a method for
determining the required area of the longitudinal reinforcement in the normal cross
section of biaxially bended columns based on the deformation model is an urgent
task.

2 Main Material

The problem of taking into account the phenomenon of supercritical deformation of
concrete in the calculations of the area of the longitudinal reinforcement of reinforced
concrete members, which work in the conditions of biaxial bending, is considered
and solved. The main purpose of the problem is to obtain analytical formulas of the
main parameters of the stress–strain state of biaxially bended members according to
the calculation scheme based on the deformation model. This is dictated by the fact
that the presence of such formulas opens the possibility of constructing almost new
methods of calculating the bearing capacity of the reinforced concrete members in
their design.

In analytical studies of strength, the introduced concept of the deformation crite-
rion of strength is used [5]. When deriving the design dependences for calculating
the fiber ultimate values of strains εcu of concrete under compression both discretely
and continuously distributed, a complete diagram of the physical stress–strain state
of concrete under compression is used according to [4].

In order to simplify the derivation of design formulas, the problem is solved under
the condition that the total area of tensile discrete bars of reinforcement with value
σ s = f yd can be reduced to the resultant force.

For the accepted type of force deformation, it is assumed that the strains in the
reinforcement-equivalent are equal to εs at stresses σ s = f yd , and the ultimate values
of strains in concrete after the phenomenon of its unstrengthening at stresses σ c(1) at
the point farthest from the neutral axis are εc(1) = εcu.

Taking into account the accepted preconditions of nonlinear analysis according
to [4], the design scheme in the plane coinciding with the Y axis will have the form
shown in Fig. 1. The main parameters of deformation mode of reinforced concrete
members at the time of reaching the maximum value of bearing capacity will be:

X is the neutral axis depth;
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Fig. 1 Design scheme for determining the parameters of deformation mode in the calculations of
the strength of biaxially bended members with a triangular form of the compressed zone

εcu is the ultimate value of strains in concrete of the compressed zone at the level
of the point furthest from the neutral axis;

θ is the angle of inclination of the neutral axis to the horizontal axis of the section;
As is the calculated value of the area of the longitudinal reinforcement required

for the perception of the external force NEd .
Given the above assumptions and simplifications, the design equilibrium equa-

tions are taken in the following general functional form:

∑
Nz = 0; NEd − Nc

(
ηc(1)...

) +
n∑

i=0

σsi
(
ηc(1)...

)
Asi = 0; (1)

∑
Mx = 0; NEde(X) − Nc(ηc(1)...)yNc(ηc(1)...) −

n∑

i=1

σsi
(
ηc(1)...

)
Asi ysi = 0;

(2)
∑

MY0 = 0; −NEdey0 + Nc(ηc(1)...)y0,Nc(ηc(1)...) − k
n∑

i=1

σsi
(
ηc(1)...

)
Asi y0,si = 0;

(3)
∑

MX0 = 0; −NEdex0 + Nc(ηc(1)...)x0,Nc(ηc(1)...) − k
n∑

i=1

σsi
(
ηc(1)...

)
Asi x0,si = 0.

(4)

In Eqs. (1)–(4)Nc(ηc(1)…) is a function of resultant in concrete of the compressed
zone;
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Dsi(θ ) = x0,sisinθ + y0,sicosθ , yNc(ηc(1)…) = yNc(ηc(1), X, θ ) respectively, the
effective height of the i-th reinforcing bar in the plane orthogonal to the neutral axis
and the distance from the neutral axis to the point of Nc application;

NEde(X) is the functionally expressed moment from the NEd force with the arm
function e(X) = X – ex0sinθ – ey0cosθ about the coordinate axis that coincides with
the neutral axis;

ηc(1) = εc(1) / εc1 is the level of strains in the extreme concrete fiber of the
compressed zone;

σ si(X, ηc(1)) = ηc(1)εc1Esi(Dsi–X) / X and k = (Dsi–X) / |Dsi–X| are the stress
function in the i-th reinforcing bar of cross section and the coefficient of the sign of
the force Nsi.

The system of equilibrium Eqs. (1)–(4) is considered together with the following
preconditions:

stress distribution in concrete based on [4] is modeled by the function

σc = fcd

(
kηc(1)y

X
− η2

c(1)y
2

X2

)/(
1 + (k − 2)

ηc(1)y

X

)
, (5)

in which the level of reduction of elastic properties of concrete in the state of its
critical deformation (εc = εc1);

k = Ecdεc1/ fcd , (6)

at k = 2 the dependence (5) is used in the form of a parabola known as the
“Hognested diagram”;

the stress–strain relation in the reinforcement is accepted in the form of the two-
line diagram;

theorem of the location of internal and external forces in one plane is used to
obtain the dependence θ = ƒ(β).

For reinforced concrete member undergoing biaxial bending and axial loading
at a triangular form of the compressed area (Fig. 1) expressions for calculating the
resultant Nc in (1), as well as the distance yNc from the X axis to the point of its
application in (2) using function (5) at η = ηc(1)y / X are obtained as follows:

Nc = fcd X2

sin 2θ
ω1

(
k, ηc(1)

)
, (7)

yNc = Sc/Nc = X
ϕ1(ηc(1), k)

ω1(ηc(1), k)
; (8)

ScX = fcd X3

sin 2θ
ϕ1

(
k, ηc(1)

)
. (9)

The coefficients ϕ1 (k, ηc(1)) and ω1 (k, ηc(1)) are obtained by integrating function
(5) in (7)–(9) by introducing the notation c = 1 + kηc(1)–2ηc(1):
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ω1 = (k − 1)2

(k − 2)η2
c(1)

[
c(c − 2 ln c) − 1

(k − 2)3
− η3

c(1)

3(k − 1)2

]
, k �= 2; (10)

ϕ1 = (k − 1)2

(k − 2)2

(
c(c − 2 ln c) − 1

(k − 2)3η3
c(1)

− c − 2(k − 1)2 − 1

6(k − 1)2

)
, k �= 2. (11)

Expressions (7)–(9) taking into account (10)–(11) allow equilibrium Eqs. (1) and
(2) for the case of a triangular compressed zone of biaxially bended members in the
supercritical stage to lead to a convenient form for practical use:

NEd = fcd X2

sin 2θ
ω1

(
k, ηc(1)

) − As fyd , (12)

NEdeD = (
NEd + As fsyd

)
⎛

⎝D − ω1 − ϕ1

ω1
√

ω1
·
√(

NEd + As fyd
)
sin 2θ

fcd

⎞

⎠, (13)

where eD = D – ey0cosθ – ex0sinθ = edhcosθ – edbsinθ is the eccentricity of the
force NEd with coordinates ex0, ey0 about the point of application of resultant Ns

in the tensile reinforcement in the direction of the effective height D = dbsinθ +
dhcosθ;

edh is the eccentricity of the forceNEd about the point of application of the resultant
Ns in the tensile reinforcement in the direction of the effective height dh;

edb is the eccentricity of the forceNEd about the point of application of the resultant
Ns in the tensile reinforcement in the direction of the effective width db.

As the analysis of the last two Eqs. (12) and (13) shows for their solution with
respect to the unknowns As, X, θ and ηc(1) it is necessary to receive two additional
dependences.

To derive the required dependence θ = ƒ(β), the theorem on the location of
resultant internal Ns and Nc and external NEd forces in one plane is used to calculate
the angle θ of inclination of the neutral axis. Applying this condition in the coordinate
system X0O0Y 0 (Fig. 1) a ratio is written

n∑
i=1

x0,si Asiσsi

/
n∑

i=1
Asiσsi − x0,c

n∑
i=1

y0,si Asiσsi

/
n∑

i=1
Asiσsi − y0,c

= tan β, (14)

where x0,si, y0,si are the coordinates of each of the reinforcing bars, respectively, in
the direction of the axes X0 and Y 0;

x0,c, y0,c are the coordinates of the point of application of the compressed zone
resultant in concrete in the coordinate system X0O0Y 0 when the biaxially bended
reinforced concrete member reaches the supercritical state.
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Experimental-theoretical researches of degree of influence of various factors,
which are a part of (14), on values θ, were carried out. The values of all param-
eters of deformation mode of reinforced concrete columns during their operation
in the supercritical stage were calculated. The graphs constructed for four series of
experimental columns with the same cross-sectional dimensions 350 × 250 mm are
shown in Fig. 2. Analysis of the data of tables and graphs presented in Fig. 2 showed
that the value of the angle of inclination of the neutral axis is practically not affected
by the parameter k, which is the level of reduction of elastic properties of concrete
in the state of critical deformation.

Each series included from 9 to 12 columns, equally reinforced in the tensile zone
within the series. Each series of columns consisted of 3 groups of columns 3 or 4

Fig. 2 Graphs θ—β (β—horizontally) for columns with coefficients in each series k = 1.29; 2.0;
2.5 and reinforcement: a—1st series; b—2nd series; c—3rd series; d—4th series
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columns in a group. The first series included 9 columns reinforced with 1Ø25A400C
(dh =300mm,db =200mm).The second series included10 columns reinforcedwith
1Ø14A400C (dh = 320 mm, db = 220 mm). The third series included 12 columns
reinforced with 3Ø14A400C (dh1 = 260 mm, db1 = 220 mm; dh2 = 320 mm, db2
= 220 mm; dh3 = 320 mm, db3 = 160 mm). The fourth series included 12 columns
(dh = 320 mm, db = 220 mm; dh1 = 320 mm, db1 = 160 mm), reinforced with
2Ø16A400C (Fig. 2).

In each series of columns the physical and mechanical characteristics of concrete
are changed corresponding to one (fixed) value of the coefficient of elastic–plastic
properties of concrete: k = 1.29 (f cd = 25 MPa, Ecd = 17.00 × 103 MPa, expanded
clay concrete); k = 2.0 (f cd = 25 MPa, Ecd = 26.32 × 103 MPa, fine-grained
concrete); k = 2.5 (f cd = 25 MPa, Ecd = 32.89 × 103 MPa, heavy concrete). In
this case, for all columns f yd = 420 MPa, Es = 20 × 104 MPa. The position of the
longitudinal force was changed by its application along the contour in the system
of coordinate axes Y 0 and X0 by eccentricities ex0 and ey0 [5]. From the analysis of
graphs (Fig. 2) it follows that for each group of columns within the series the value
of the coefficient k has little effect on changing the value of the angle θ (inclination
of the neutral axis) depending on the angle β (inclination of the plane of external
load).

This conclusion opens the way to quickly obtain a generalized formula for calcu-
lating the angle θ taking into account the properties of concrete in the supercritical
state. To implement it, the simplest way to perform algebraic transformations over
functions without the use of boundary transitions is to take k = 2 in the coordinate
system X0Y 0Z0.

It is obtained that the coordinates of the point of application of the force Nc

y0,c = X

cos θ

ϕ1,Yo

ω1
, (15)

x0,c = X

sin θ

ϕ1,Xo

ω1
. (16)

To determine the parameters of the position of the neutral axis X and θ from (14)
and the equilibrium equations taking into account expressions (7), (15), (16) to solve
strength problems, the dependences are obtained

X = a sin θ

(1 − tan θ tan β)u1
, (17)

sin 2θ = fcd X2

As fydedh
ω1ec,Ed . (18)

In Formulas (17) and (18) the notation is accepted: u1 = ϕ1,X0 / ω1; ϕ1,X0 = ϕ1,Y0;
a = ex0 – ey0tanβ = db – dhtanβ; ex0; ey0 are taken into account as coordinates; ec,Ed
is the eccentricity of the force NEd about the force Nc in the direction of the Y 0 axis.
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When solving problems of the first type (reinforcement selection) to determine
the parameter θ, the equation is derived from (17) by replacing the parameter X with
an expression through strains according to the hypothesis of plane sections at optimal
reinforcement εs = εs0 = f yd / Es and εc(1) = εcu:

X = ηuεc1D

εs0 + ηuεc1
. (19)

Such a substitution leads to a quadratic equation, the solution ofwhichwith respect
to tanθ at a ≥ 0 gives the desired dependence

tan θ =
a(ku1 − 1) +

√
a2(ku1 − 1)2 + 4k2u21dbdh tan β

2dbku1 tan β
. (20)

In (20) coefficient

k = ηuεc1/(εs0 + ηuεc1). (21)

In order to obtain the dependences of determining the deformation mode param-
eters of reinforced concrete members in design problems, it is proposed to use the
criterion of theminimumnumber of reinforcementAs,min in the cross section at which
in the supercritical state the reinforced concrete is able to perceive maximum force.
This criterion is written as.

As(ηu) = min As(ηc(1)), (22)

In the expression (22), the value of the level of relative strains ηu must also satisfy
the condition of the extreme criterion of strength of the considered section, i.e.

NRd(ηu) = max NRd(ηc(1)). (23)

Therefore, to obtain the necessary dependences the Eq. (2), after excluding from
it σ c(ηc(1)) using (5), is represented as:

NEd
/
( fcd Ac) = (

kηc(1) − η2
c(1)

)/
(1 + (K − 2)ηm) + ηc(1)Bρl

(
ηc(1)

)
, (24)

where B = Esεc1/f cd .
From (24) the functional dependence necessary for researches between quantity

of reinforcement As (or reinforcement ratio ρ l) and level of strains ηc(1), which is
unknown value, is obtained for a supercritical condition of section. The desired
dependence is convenient for extreme research and has the form:

ρl
(
ηc(1)

) = 1

B

(
NEd

Ac fcdηc(1)
− k − ηc(1)

1 + (k − 2)ηc(1)

)
. (25)
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Using the concept of the minimum number of reinforcement criterion (22) and
taking into account that this criterion exists for the values of ηc(1) = ηu, which
will correspond to the equation dρ l(ηc(1))/dηc(1) = 0, from (25) after mathematical
transformations it is obtained

(
(k − 2)2 − C(k − 1)2

)
η2
u + 2(k − 2)ηu + 1 = 0, (26)

where ηu = εcu/εc1, C = Acf cd/NEd.
The solution of Eq. (26) has the form of a formula

ηu =
(
(k − 1)

√
C − (k − 2)

)−1
, (27)

which allows in practical calculations to determine the ultimate values of compres-
sion strains of concrete in the supercritical state of reinforced concrete members,
which are subjected to axial load by NEd .

The derived Formula (27) can be represented by a diagram of the ultimate values
of the levels of fibre strains of concrete in the form of the function ηu = f (k, Acf cd
/ NEd), which is convenient to implement in a three-dimensional graphic (Fig. 3)
image in the practice of design reinforced concrete members under axial load with
random eccentricities.

The obtained formulas allow to design a cross section of reinforced concrete
members with the minimum amount of reinforcement by substituting the values of
ηu calculated by (27) into Formula (25) instead of the value of ηc(1).

The obtained formulamakes to solve problems of the first type, i.e. in the problems
of calculating the minimum number of reinforcement As when designing reinforced
concrete members on the action of compressive force NEd with any physical and
mechanical characteristics of concrete:

ρl,min = 2
√
C(k − 1) − kC − (k − 2)

BC
, (28)

Fig. 3 Diagram of the
ultimate values of the levels
of strains of concrete ηu =
f (k, Acf cd /NEd ) by (27)
under axial load and biaxial
bending: k = Ecdεc1/f cd , f cd
= 8.5…60 MPa, ρl = 1…
3%; f yd = 225… 500 MPa.
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where C = Acf cd / NEd is the level of reloading of the concrete section of reinforced
concrete members with the longitudinal force NEd , for the perception of which it is
necessary to ensure the minimum amount of reinforcement.

3 Conclusions

Developed on the basis of the model of stress–strain state in the supercritical stage
for biaxially bended reinforced concrete members, the method of determining the
area of longitudinal reinforcement can be implemented as algorithms in creating
optimization programs for the design of building structures. To solve the problem
of designing reinforced concrete structures operating in individual cases of biaxial
bending, the equation for determining the minimum amount of reinforcement is
derived depending on the physical and mechanical characteristics of materials. On
the example of some cases of biaxial bending of reinforced concrete members in
the supercritical stage, the solution of the equations of the mathematical nonlinear
deformation model of the stress–strain state with respect to the basic parameters is
obtained in a closed form, which confirms the universality and generalization of the
proposed physical model.
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Strength of Masonry Indirectly
Reinforced by Expanded Steel Sheets

Andrii Pavlikov , Nataliia Pinchuk , and Taras Kachan

Abstract The results of experimental investigations of the compressed masonry
elements strength reinforced by expanded steel sheets are presented. These experi-
ments make it possible to evaluate the efficiency of using this type of indirect rein-
forcement for brick structures that work on compression. Experimental investiga-
tions have shown that the use of high-tech reinforcement products—expanded steel
sheets for the reinforcement of masonry is technically possible and economically
feasible. With the same power of indirect reinforcement by meshes or sheets, the
strength of elements reinforced with expanded steel sheets is on average 40% higher
than analogues reinforced with welded mesh of BpI wire. Ease of manufacture and
high strength make it possible to predict the widespread use of these reinforcement
products in the future.

Keywords Masonry · Compression · Indirect reinforcement · Expanded steel
sheets

1 Introduction

Natural stone structures were built in the Stone Age. To this day, partially preserved
buildings made of natural stone, built in the Stone Age from large depths and slabs—
dolmens. With the development of society and the improvement of the means of
production instead of large heavy stones began the use of convenient for manual
masonry hewn stones. Later, thematerial for the stone structures began to be artificial
coarsely formed blocks of clay, followed by raw bricks and fired bricks.
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Nowadays, there is a steady trend to increase the use of brick structures in
construction, due to such characteristics of brick structures as high strength, fire
resistance, durability, low operating costs, architectural expressiveness, accessibility
for all consumers.

However, despite all the advantages of stone structures, there are situations when
they can not meet the requirements that apply to them [1].

So, at construction of apartment houses the question of increase of illumination
of the room quite often arises. In such cases, increase the area of window openings,
thereby reducing the area of the openings. And if this house is also multi-storey,
then there is a problem of increasing the strength of such a structure, because the
brickwork of the walls, especially the first floor, will not withstand the actual load.

If we consider public buildings made of brick, then their construction also causes
similar problems.

As a rule, on the ground floor of a public building a completely different planning
solution is used than in a residential building. Such a building should have a large and
spacious lobby or hall. The number of floors of such a building can be significant. To
implement such a project, it is necessary that the load instead of load-bearing walls
is perceived by separate columns, the cross-sectional area of which is controlled by
the requirements for the spatial planning solution. And again there is a question of
bricklaying strength increase for a given cross-sectional area of the element.

In such cases (but others are possible) to increase the strength of masonry, it is
possible to use its indirect reinforcement [2, 4, 9, 10]. The vast majority of stone
structures in operation work on compression—central or off-center. In this type of
work, the destruction of the masonry is due to the loss of stability formed after its
cracking of the columns, so the strength of the masonry, even with a very strong
solution, is always less than the compressive strength of the brick.

Indirect reinforcement is used to increase the load-bearing capacity of compressed
masonry elements. In addition, such reinforcement ensures the joint work of indi-
vidual parts of buildings, significantly increases the seismic resistance of masonry
structures [6–8].

1.1 Experimental Research of Masonry Strength Indirectly
Reinforced by Expanded Steel Sheets

Experimental studies of the bearing capacity and deformability of indirectly rein-
forced masonry elements have been carried out at the National University «Yuri
Kondratyuk Poltava Polytechnic» for the introduction of expanded steel sheets
reinforcement in construction practice.

The experimental part of the work consisted of testing masonry columns rein-
forced by expanded steel sheets on central compression in order to further compar-
ison the experimental data with the data obtained for analogues (twins), which are
reinforced with welded meshes.
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1.2 Characteristics of Test Specimens and Test Equipment

In accordancewith the purpose andobjectives of the study, in theReinforcedConcrete
and Masonry Structures laboratory were made 3 groups of test specimens.

The test specimen of the first group (C1) was a prismatic non-reinforced masonry
column with cross section b × h = 380 × 380 mm, working height 770 mm. This
sample was made to determine the strength of non-reinforced masonry.

The test specimens of the second group (C2-1, C2-2, C2-3, C2-4, C2-5) were
reinforced masonry columns with cross section b × h = 380 × 380 mm, working
height 770–850 mm.

Samples of the second group were reinforced with meshes C1, C2, C3, C4 made
from wire BpI Ø 4 and 3 mm (Fig. 1a), the size of the mesh cell was 60 and 120 mm,
and the step of the grids in the central part of the samples was S = 310mm or
400 mm.

The coefficient of indirect reinforcement by meshes is determined by the formula

μS,xy = nx · ASX · lx + ny · ASy · ly
A · S , (1)

Fig. 1 Schemes of experimental samples reinforcement: a samples with traditional reinforcement;
b samples with expanded steel sheets
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where nx, ny; Asx, Asy; lx, ly – respectively, the number of bars, area and their length
in the appropriate directions (within the brickwork);

A—the cross-sectional area of the element;
S—step of meshes.
The test specimens of the third group (C3-1, C3-2, C3-3, C3-4, C3-5) were in the

form of reinforced masonry columns with cross section b × h = 380 × 380mm,
working height 690–850 mm.

Samples of the third group were reinforced by expanded sheets marks PVL 202,
PVL 204, PVL 082 (Fig. 1b) according to [3].

The coefficient of expanded steel sheets indirect reinforcement was estimated by
expression

μS,xy = PM · ρm

A · S , (2)

where PM—weight of expanded steel sheet 380 × 380 mm;
ρm = 7, 85 g/mm3—density of steel;
A—the cross-sectional area of the element;
S—step of meshes.
Step of the expanded steel sheets S = 230, 310, 400 mm was selected so that the

corresponding samples of the 2nd and 3rd groups in terms of indirect reinforcement
power μS,xy · σy were about the same (were “twins”). Thus, 5 pairs of prototype
twins were created.

For all test specimens, clay brick of plastic molding with a strength of M75
produced by the Poltava plant “Ceramics” was used.

The mortar for masonry was prepared using sand from the Poltava quarry (with a
coarse modulus up to 1.0 mm) and Portland cement M400 from the Balaklia Cement
Plant. At the time of testing, the strength of the mortar was M80.

Control samples were taken made to control the strength of brick, mortar, BpI
wire and steel sheets. Evaluation of the strength of brick, mortar, wire, sheet
steel was performed according to standard methods, in accordance with regulatory
requirements (Table 1).

The test specimens (brick columns) were subjected to a short-term load on the
central compression. The tests were performed on a 500-ton hydraulic press type PG-
500. Transportation and installation of experimental samples on the bottom plate of
the press was performed by a crane-beam.

The installation of experimental samples in the press was reduced to the coinci-
dence of the dimensional axeswith the axis of the hinges and endedwith the clamping
of the sample between the plates (traverses) of the experimental equipment. Symmet-
rically located and centered brick columns were subjected to uniform pressure of the
slab of the experimental mechanism.
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Table 1 Parameters of experimental samples

Sample
mark

Dimensions of
the cross section,
mm
b × h

Height of the
sample, mm

Type of
reinforcement

Reinforcement
step in the central
part of the
sample S, mm

Reinforcement
ratio μs,xy , MPa

1 2 3 4 5 6

C2-1 380 × 380 770 meshes C1 310 0,00,086

C3-1 380 × 380 690 PVL 202 230 0,0013

C2-2 380 × 380 770 meshes C2 310 0,00,048

C3-2 380 × 380 850 PVL 202 400 0,00,075

C2-3 380 × 380 850 meshes C2 400 0,00,037

C3-3 380 × 380 770 PVL 082 310 0,00,088

C2-4 380 × 380 850 meshes C3 400 0,0012

C3-4 380 × 380 770 PVL 204 310 0,00,167

C2-5 380 × 380 850 meshes C4 400 0,00,065

C3-5 380 × 380 770 PVL 202 310 0,00,097

To measure the compression deformation of the brickwork on the two adjacent
flat boards of the samples were installed mechanical indicators of the watch type
brand 6 PAO-LISI with a division price of 0.01 mm. In addition to this function,
the indicators allow you to “center” the research samples so that the line of force
application applications with the geometric axis of the sample.

Loading of test specimens was carried out in stages, the value of which in frac-
tions of the expected destructive load Nu was 0,1Nu. After each stage of the load,
the instrument readings were recorded twice: the first time immediately after the
application of the load, the second time—after 5–10 min of exposure under load.

During the test process, the log of observations was recorded by devices at
each stage of loading, the appearance and nature of the development of cracks,
the destructive load were recorded.

To avoid premature destruction of themasonry from crumpling under the supports
of the press, the supporting parts of the samples were reinforced with metal clamps.

The criterion for the destruction of the sample was taken as the inability of the
test column to perceive the increasing load (Fig. 2).
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Fig. 2 Design and general view of the sample in the compression machine PG-500

2 Results of Experimental Research

2.1 The Change in the Stress State and its Effect
on the Nature of the Destruction of the Test Specimens

Experiments have shown that at low load levels (N/Nu = 0.1–0.4) the stress state of
reinforced masonry is close to non-reinforced. Deformations of a laying are propor-
tional to force N, formation of longitudinal cracks (cracks of separation) is not
observed.

As the load increases, structural changes occur in the masonry material (caused
by its inhomogeneity), which lead to an increase in transverse deformations of the
masonry. The development of these deformations is actively hindered by indirect
(transverse) reinforcement, as a result of which tangential stresses τiy occur on the
contact-reinforcement contact planes, which cause tensile deformations of the mesh
rods or plates. Given that the perimeter of the solution “mortar—plate” ismuch larger
than the perimeter of the contact “mortar—bar”, the expanded steel sheets are much
more actively involved in tensile work.

At the load level N/Nu = 0.4–0.99, the stress state of themasonry becomes triaxial
(ie, σ1 > σ2 = σ3 for sheet reinforcement σ1 > −σ2 = −σ3).
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a b c

Fig. 3 The nature of the samples destruction: a—non-reinforced sample (C1); b—the sample is
reinforced with welded mesh (C2-4); c—the sample reinforced by expanded steel sheets (C3-4)

Due to the formation of a three-axis stress state (clamp effect [5, 7, 8]), the
stresses in the masonry significantly exceed the corresponding values characteristic
of non-reinforced masonry under uniaxial compression.

In the boundary stage N/Nu = 0.9–0.99 the process of viscoplastic deformation
takes place, the characteristic features of which are the formation of new and opening
of existing vertical cracks, the appearance of local places of destruction of brick and
mortar (Fig. 3b,c). The fracture process is slow and the ultimate load as a result of
stress redistribution is perceived by the sample for 3–8 min.

The process of samples destruction with indirect reinforcement is much slower
than samples without reinforcement (where it can be sudden).

Experiments show that even a slight transverse reinforcement of the test specimens
leads to a significant increase in the strength of the reinforced masonry.

Comparing the experimental strength ofmesh-reinforced elementswith analogues
where expanded steel sheets was used, it can be argued that the reinforcement of
expanded steel sheets masonry is more effective than grids with the same reinforce-
ment strength. For example, the increase in the strength of the masonry of the sample
C3-1 is 47% greater than that of the sample C2-1, reinforced with mesh.

We explain the best effect from the use of expanded steel sheets by the significant
influence of tangential stresses τi j acting on the contact “mortar—sheet surface”,
increasing the tensile deformation of sheet steel and the completeness of the stress
diagram (Table 2).
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Table 2 Characteristics of test specimens and evaluation of the masonry strength

Sample
mark

Type of
reinforcement

Reinforcement
ratio μs,xy

Reinforcement
power,
μS,xy · σy ,
MPa

Strength of
reinforced
masonry,
fsk , MPa

Indicator of
reinforcement
efficiency for
samples with
expanded steel
sheets

1 2 3 4 5 6

C2-1
C3-1

meshes C1 0,00,086 0,344 3,15 2,01

PVL 202 0,0013 0,325 3,92

C2-2
C3-2

meshes C2 0,00,048 0,192 3,74 1,21

PVL 202 0,00,075 0,188 4,02

C2-3
C3-3

meshes C2 0,00,037 0,148 3,10 1,14

PVL 082 0,00,088 0,220 3,67

C2-4
C3-4

meshes C3 0,0012 0,480 4,05 1,16

PVL 204 0,00,167 0,420 4,08

C2-5
C3-5

meshes C4 0,00,065 0,260 4,24 1,51

PVL 202 0,00,097 0,240 5,01

Average 1,41

3 Conclusions

The experimental investigations showed that due to the formation of the triaxial stress
state (clamp effect) the stresses in themasonry significantly exceed the corresponding
values characteristic of non-reinforced masonry under uniaxial compression. The
process of destruction of samples with indirect reinforcement is much slower than
samples without reinforcement (where it can be sudden).

Even a slight transverse reinforcement of the prototypes leads to a significant
increase in the strength of the reinforced masonry. Comparing the experimental
strength of mesh-reinforced elements with analogues where expanded steel sheets
was used, it can be argued that the reinforcement of expanded steel sheets masonry
is more effective than meshes with the same reinforcement strength.

The use of high-tech reinforcing products expanded steel sheets for reinforcing
masonry is technically possible and economically feasible. This is explained by
the fact that with the same power of indirect reinforcement by grids or sheets, the
strength of elements reinforced with expanded steel sheets is on average 40% higher
than analogues reinforced with welded mesh of BpI wire.

The economic effect of using expanded steel sheets compared to non-reinforced
brickwork is more than 10%.

Ease of manufacture and high strength make it possible to predict the widespread
use of these reinforcement products in the near future.
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1 Introduction

The strength of materials is a crucial parameter of the load-bearing capacity of
building structures. Therefore, an objective assessment of material strength is of
great importance for ensuring and calculating the reliability of structures and the
proper justification of design standards. In particular, concrete is characterized by
heterogeneity and statistical variability of strength and deformation properties. They
depend on such random factors as cement activity, aggregate size, manufacturing and
curing technology, service life, and so on. The strength of masonry also depends on
many factors. They include: strength, size and shape of the stones; strength, ease of
laying and elastic–plastic qualities of the solution; masonry quality. Less important
factors in the work of masonry for compression are: bandaging masonry, adhesion
of the mortar to the stone, filling with mortar vertical joints. Wood is an anisotropic
structural material that has a heterogeneous structure, different nature of work in
different stress states. Wood of different breeds has different strength. In addition,
the strength of wood is affected by the presence of defects, humidity and service life.
In the presence of such numerous factors that affect the strength of materials, it is
natural that the strength indicators have a certain variability, a clear idea of which is
given by statistical distribution curves of different characteristics of materials. The
temporary resistance and othermechanical characteristics ofmodernmaterials have a
statistical variance, which iswell described by normal law,which has been repeatedly
confirmed by test data of material samples. Therefore, the undoubted relevance of
regular statistical studies of material strength is associated with the constant revision
of design standards.

The initial data of themechanical characteristics of buildingmaterials are obtained
as a result of standard acceptance tests of samples in the laboratories of enterprises
of the construction industry. The main purpose of these data is to assess the quality
and rejection of substandard materials and structures. In addition, statistical test
results of materials are used in the preparation and revision of design standards.
Statistical studies of the concrete strength unfolded in the 50s of last century in
connection with the adoption of the calculation method of limit states and continued
in subsequent years [1–16]. Studies of the masonry strength and its components—
brick and mortar—have been conducted since the 30s, and intensified in the 80s of
last century [17–20]. Statistical studies of the mechanical characteristics of wood
for building structures were constantly carried out [21–28]. This problem is actively
discussed by foreign experts [29–34]. Reliable statistical parameters of material
strength are especially needed to assess the reliability of building structures. This
is emphasized, in particular, in the publications prepared by the scientific school
“Reliability of building structures” of the National University “Yuri Kondratyuk
Poltava Polytechnic” [35–40].

Factory tests of material strength are performed for many years on a large scale,
creating a significant array of statistical information. However, there is no common
information database for these data. Some of them have been published in various
scientific and technical journals, collections of articles, conference proceedings.
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Access to these publications is difficult, especially since some institutions have begun
to destroy paper magazines in recent years, citing the transition to electronic publi-
cations. However, in reality, the translation into electronic form has so far occurred
only for publications published after 2000.

The article contains a systematic review of publications in leading scientific and
technical journals on the problem of statistical description of the strength of main
construction materials: concrete, brick, mortars, masonry, wood. The principal atten-
tion is paid to the selection of statistical strength characteristics of materials of
different periods, such as mathematical expectation, standard deviation (standard),
coefficient of variation, etc. These data are intended for use in numerical calculations
of structure reliability. In addition, the evolution of the design norms of structures is
analyzed in terms of changes in the purpose of normative and design resistances and
the involvement of experimental statistics.

2 Basic Material and Results

The content of the article is an organized review of publications of such scientific
and technical journals as “Industrial and civil construction” (formerly “Construction
industry” and “Industrial construction”), “Industrial construction and engineering
structures”, “Construction mechanics and calculation of structures”, “University
News. Construction and architecture”, “Building materials”, “Concrete and Rein-
forced Concrete”, “Concrete and Reinforced Concrete in Ukraine”, “Lesnoy Zhur-
nal”, etc. The review is compiled for the period from the 40s of the twentieth century
to the present. The paper version was mainly used for journals published before
2000, which were in the scientific and technical library of the National Univer-
sity “Poltava Polytechnic Yuri Kondratyuk”, one of the most complete book stor-
ages in Ukraine. Information on later editions digitized from electronic libraries and
electronic versions of journals.

2.1 Statistical Characteristics of Concrete Strength

The initiator of statistical studies of concrete strength was KE Tal, one of the devel-
opers of the new method of limit states, an employee of the Research Institute of
Reinforced Concrete Structures (NDIZB). In one of the first publications on the
parameters justification of the method of limit states, he compared the then average
anddefective values of concrete strengthwith the newly introduceddesign resistances
(Table 1) [1].

It was emphasized that the calculation according to the new method is based
on the design resistance of concrete, which is equal to the lowest probable value
of resistance, and not on the allowable stresses, as it was the case with the previous
norms of NiTU 3–49 “Norms and technical conditions of concrete structures”. Under
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Table 1 Design resistances, average and defective strength of concrete

Concrete Design resistance Defective strength Average strength,
MPaDesignation Value, MPa Value, MPa TU

Brand 150 Rcub
8.5–9.0 11.5–13.0* TU 200–54 ~15.0–16.0

Brand 300 18.0–19.5 22.5–25.5* ~30.0–33.0

Note * Depending on the number of tested samples

production conditions, the strength of concrete was controlled by tests, but taking
into account the selectivity of these tests, the defective values of concrete resistance
were taken to be much higher than the design resistance (Table 1).

Then KE Tal stated that the strength of concrete has a statistical variance, which
is well described by normal law [2]. Tests showed that for concrete brand 200 the
average value of compressive strength in bendingwas 22.3MPa, the standard 2.7MPa
with “good” quality of work (3700 samples-cubes) and 4.9 MPa with “poor” quality
ofwork (675 samples). The coefficient of variationwas 0.121 and 0.219, respectively.

In NiTU 123–55 “Norms and technical conditions for the design of concrete and
reinforced concrete structures” for the normative resistance of concrete nR it was
taken as the average (or close to it) value of its compressive strength in bending
σ b. The design resistance was determined by providing 0.999 at a distance of
three standards σ̂b from the average value. Accordingly, the theoretical value of
the homogeneity coefficient, greater than one, was defined as

(1)

Statistically substantiated homogeneity coefficients, introduced in NiTU 123–55
after some adjustment and rounding, are given in Table 2.

In Table 2, line A corresponds to the automatic or semi-automatic dosing of
concrete components; line B—when there is no automatic dosing.

A similar concept of the purpose of normative and design resistances and homo-
geneity coefficients of concrete was implemented in the following general norms of
SNiP II-A.1062 “Building structures and foundations. Basic design provisions”.

Table 2 Homogeneity coefficients for concrete k_b
Stress state Preparation mode of

concrete
Homogeneity coefficients for
concrete brand

100–200 300–600

Axial compression in
bending

A 0.60 0.65

B 0.55 0.60

Axial tension in bending A 0.45 0.50

B 0.40 0.45
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Table 3 Statistical characteristics of concrete strength after 28 days of exposure

Plant Concretebrand With heat treatment Without heat treatment

σ b, MPa σ̂b, MPa V,% σ b, MPa σ̂b, MPa V, %

ZBK №6 300 33.2 2.7 8.1 32.5 3.5 10.8

ZBK №7 200 24.4 5.0 20.0 27.2 5.0 19.0

With the development of statistical substantiation of design standards of reinforced
concrete structures, attentionwas paid not only to the average strength of concrete, but
also to its variability, which is estimated by the coefficient of variation V. Statistical
evaluation of this coefficient was performed on several ZBK of Moscow [3].

The results of tests on 20 technological lines were considered, 28 representative
samples were composed and more than 10 thousand results were processed. The
obtained statistical characteristics of concrete are given in Table 3.

The obtained coefficient of variation of concrete strength was in the range of 8.1–
20.0%. It was confirmed that it depends mainly on the variability of the properties of
the materials and the composition of the mixture. As can be seen from Table 3, the
coefficient of variation is practically independent of the heat treatment of concrete at
its stable mode. It is shown that the coefficient of variation with the set of concrete
strength, as a rule, decreases due to the lag of growth of the strength standard from
the increase of the average value.

In 1972, new standards were introduced in the form of SNiP II-A.1071 “Building
structures and foundations. Basic design provisions”. Designing norms of reinforced
concrete structureswere developed under the direction of prof.A.A.Gvozdev on their
basis. They reflected achievements in the field of the calculation theory of reinforced
concrete for the last 12 years and were vigorously discussed in the scientific and
technical periodical [4–6]. According to the codes of SNiP II-2175 “Concrete and
reinforced concrete structures” the normative resistance of concrete was provided
not less than 0.95. Therefore, it was determined by Eq. (2).

(2)

where R is the average value of strength; V—coefficient of variation; 1.64—a
factor corresponding to the security of 0.95 when applying the normal law for the
concrete strength.

The design resistance of concrete on compression is now determined by dividing
by the “safety factor for concrete” . In particular, for heavy concrete, this
factor was , the coefficient of variation was V = 0.135.

This approach took into account the statistical variability of concrete strength,
allowed to reasonably control the strength, identify total reserves and compare them
for different structures on a common basis. Now, in industries that produce concrete
with high homogeneity (low value of the variation coefficient), the average strength
could be lower than the design brand with the corresponding savings in cement. On
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the contrary, productions with the high coefficient of variation were forced to assign
an average concrete strength above the design brand [7].

It should be noted that the variation coefficient of concrete strength is accepted
in the design standards equal to Vb = 0.135 as the average value for a large number
of plants which produce reinforced concrete structures. Meanwhile, studies of tech-
nological lines at reinforced concrete plants have shown that the coefficient of vari-
ation can deviate significantly in both larger and smaller directions and is Vb =
0.05…0.25 (data fromASLychev [8]).With increasing strength of concrete, its struc-
ture is compacted, which leads to increased homogeneity and reduced coefficient of
variation.

This is confirmed by the data in Table 4, which shows the results of laboratory
tests conducted in ODASA byMMZastava (462 tests, 14,320 samples), adjusted for
the impact of production conditions on the recommendations of AP Kudzis (Vilnius
Technical University).

The statistical scatter of concrete strength significantly depends on the level of
manufacturing technology and construction of structures (Table 5).

The scatter of concrete strength is significantly affected by the variability and
possible inaccuracy of dosing of its components, which may be within the following
limits:

• strength of cement ±(6...25)%;
• strength of aggregates ±(15...50)%;
• cement content ±(5...15) t%;
• water content ±(8...23)%;
• content of fillers ±(5...10)%;
• moisture content in the filler ±(1...21)%.

Table 4 Variation of concrete strength depending on its average strength

Type of
hardening

Coefficients of variation in % at average strength, MPa

10 20 30 40 50 60 70 ≥80

Natural 15.9 12.0 10.5 8.8 6.6 5.4 5.1 5.1

Steaming 12.1 11.1 9.4 9.0 7.8 6.6 5.5 5.2

Table 5 Variation coefficients of concrete compressive strength, %

Type of structures Concrete mixture
consistence

Production culture and erection of structures

high medium low

Monolithic Plastic 8…11 11…16 16…20

Tough 10…15 15…20 20…25

Prefabricated Plastic 6…9 9…14 14…18

Tough 8…11 11…16 16…22
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Mass statistical studies of compressive strength of concrete were performed in
1979–82 by leading research institutes—NDIZB and CNDIPromzdanii [9]. Data
from 67 production lines of reinforced concrete plants of different cities were
collected. In total, about 17 thousand test results of control series of samples were
processed, representing 2.5 million m3 of concrete after heat treatment at the age
of 18 days. This was a large-scale test of the effectiveness of the statistical strength
control which was recently introduced according to GOST 18,105–80.

According to the entire study information, it was found that the average strength
of concrete in 89% of cases exceeds the design strength and in 11% of cases exceeds
the design strength with the provision of 95%. The average variation coefficient of
strength was 0.057–0.083, ie it was more than twice less than the value of 0.135,
regulated by SNiP II-21-75.

The calculation of the provision of normative concrete resistances for
the studied technological lines was performed. The average value of the safety char-
acteristics was quite high –β = 5.25, in all cases β > 2. To identify the possibility
of increasing the standard resistance of concrete, a safety estimate was
calculated, which gave values β greater than 1.64 according to SNiP, for all tech-
nological lines. When assessing security , it was found that in 17% of
production lines the index β is less than regulated. These conclusions clearly confirm
the data of Table 6, inwhich all probabilistic indicators (except one) significantly
exceed the normative provision of 0.95.

Table 6 Probabilistic provision of normative resistance of concrete
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Although in some cases the distribution curves had a right-hand (positive) asym-
metry, the strength of concretewas described by the normal law of distribution, which
did not lead to significant errors.

The authors of the article [9] concluded that the obtained results open the possi-
bility of increasing the normative anddesign resistances of precast concrete by5–10%
in comparison with norms SNiP. However, given that the study was conducted only
at the plants of large industrial centers with a fairly high culture of production, this
proposal was not included in the design standards of reinforced concrete structures.
Perhaps it is now rational to return to these conclusions.

In 1986 SNiP 2.03.01–84 “Building constructions. Concrete and reinforced
concrete structures” came into force, which introduced the concept of “concrete
strength class “as the main indicator in the design and manufacture of reinforced
concrete structures. As always when changing design standards, this transition was
actively discussed in the publications of scientific and technical journals [10, 11].
Previously, in SNiP II-21-75, the strength of concrete was characterized by a brand
that corresponded to the average value R of the strength of the reference concrete
cubes. Now the concrete class B was introduced, equal to the standard cube strength

with a provision of 0.95. It was determined, as in the previous edition of the rules,
by Eq. (2), from which the average strength was

(3)

When using the class as a characteristic of the concrete strength, the normative
resistance is set, according to which Eq. (3) determines the average value of the
cubic strength R depending on the actual coefficient of variation V .

In the article [12] it was shown that if in Eq. (2) to substitute the normative
coefficient of variation V = 0.135 according to SNiP II-21-75 for heavy concrete,
we obtain

Accordingly, the average strength of concrete is

A new situation has arisen when, depending on the value of the coefficient of
variation, the average strength of concrete, corresponding to a certain class, can vary
widely. For example, according to Eq. (3), with a variation coefficient of concrete
strength of 20%, the average strength is 150% of the class. Obviously, it makes no
sense to compare the brand and class by the average values of cubic strength.

The authors of the article [12] reasonably believed (and this was confirmed in
practice) that the transition to concrete classes will not make significant changes in
the design. At the same time for technologists it will lead to fundamental changes in
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the technique of appointment of standard strength at selection of concrete structure
and its control on production. It is no coincidence that numerous articles published
overmany years have been devoted to the organization and improvement of statistical
control of concrete strength in plants of reinforced concrete structures [11, 13, 14].

Publications of the 2000s summarize the long-term evolution of the rationing
of the calculation of reinforced concrete structures for 70–80 years [15] and the
application of the probabilistic method [16].

2.2 Statistical Characteristics of Masonry Strength

As can be seen from publications from the 1930s [17], the greatest influence on the
masonry strength has the strength of stones and mortars, which have a statistical
scatter.

Strength of Mortars. Statistical studies of the mortars strength on various binders
were conducted by CNDIBK in the period 1980–85 at construction companies and
construction laboratories in Moscow and the Moscow region [18]. According to
the norms, the mortars were distributed by compressive strength by 8 brands, the
most common of them are listed in Table 7. The mortar brand R corresponded to
the average strength of the mortar after curing for 28 days. The number of tests of
mortar brands was 500–8000.

Processing of test results of mortars revealed a statistical scatter of results and
showed (Table 7) that for brands M50, M75 and M100 the actual strength R̄φ is
almost equal to the standard strength, and for brands M150 and M200—lower by
10%. The strength of mortars with a provision of 0.95 is lower than the normative
by 30–40%. The coefficient of variation was obtained in the range of 18–35%. It
was found that the actual strength distributions of the mortars are asymmetric and
slightly different from the normal distribution. Therefore, an attempt was made to
involvePearson curves of different types.However, the difference in results compared
to the normal law was insignificant. Therefore, the authors of the publication [18]

Table 7 Mechanical
characteristics of mortars

Mortar brand Mortar strength, MPa

R R̄φ R0,95

M50 5.0 5.1 3.5

M75 7.5 7.2 4.5

M100 10.0 9.6 6.0

M150 15.0 14.0 9.0

M200 20.0 18.0 12.5

Designations R—strength according to norms; R̄φ—actual

average strength; R0,95—strength with a provision of 0.95
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Table 8 Mechanical characteristics of brick

Brick brand Stress state Number of
brick tests

R, MPa R̄φ , MPa R0,95 V, %

M75 Compression 744 7.5 9.33 5.80 33.6

Tension 595 1.8 1.61 0.691 40.0

M100 Compression 1915 10.0 11.12 7.551 40.4

Tension 1602 2.2 1.82 0.748 40.1

Designations R—strength according to norms; R̄φ—actual average strength; R0,95—strength with
a provision of 0.95; V – coefficient of variation

concluded that it is possible to apply the normal law to describe the strength of the
mortars.

The obtained statistics on the mortar strength were used to assess the strength of
brickwork [20]. Based on the research, the authors proposed to replace the strength
division of mortars by brands with the division by classes. The basic parameter is the
strength with a provision of 0.95 (Table 7), and the main statistical characteristics
are mathematical expectation and coefficient of variation.

Strength of Brick. Statistical studies of the bricks strength (ordinary clay) were
conducted by CNDIBK in the period 1980–85 years according to the data of
construction laboratories in Moscow and the Moscow region [19].

According to the codes, bricks were distributed by strength by 9 brands, more
commonwere brandsM75 andM100. The brand of brick corresponded to the average
compressive and tensile strength at bending (Table 8). The tests number of brick
brands was 595–1915.

Processing of brick test results revealed a statistical scatter of results and showed
(Table 8) that for brands M75 and M100 the actual compressive and tensile strength
of the brick in bending almost meets the requirements of the norms. The strength of
bricks with a provision of 0.95 is lower than the norm by 30–40%. The coefficient
of variation was obtained in a fairly high range of 33.6–40.4%, which is due to the
large diversity of rawmaterials and the instability of the technological process. It was
found that the actual distributions of brick strength are asymmetric with left-handed
asymmetry; they therefore differ from the normal distribution. Therefore, Pearson
curves of different types were involved.

The obtained statistics on the bricks strength were used to assess the strength
of brickwork [20]. On the basis of the conducted researches the author has made
the offer to replace division of brick durability on brands on division on classes
with maintenance of statistical control of brick durability that was not introduced in
norms.

Strength of Masonry. The combination of a large number of random factors that
affect the strength of the masonry, give it a random character and the ability to study
by statistical methods. The initial data for assessing the strength of masonry were
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obtained in 1932–1958 in the tests of many thousands of large samples of various
masonry from brick, concrete stones, large blocks, rubble, ceramic stones and more.
Tests were performed on different types of resistance [17]. Proposed by prof. L.I.
Onishchik empirical formula allowed to determine the strength of the masonry for
different combinations of its strength components:

R = AR1
[
1 − a/

(
b + R2

/
2R1

)]
η, (4)

where R, R1, R2—the compressive strength of masonry, brick (stone) and
mortar; a, b—empirical coefficients, which depend on the type of masonry;
η—correction factor for masonry with a mortar of low brands.

To assess the accuracy of Eq. (4), the tests results of 747 samples of brickwork
were processed. The distribution of deviations of the average breaking strength of
experimental samples from the values calculated by Eq. (4) was constructed, which
was well described by the normal law. The coefficient of variation of these deviations
was equal to 9% taking into account the actual strength of the mortar (class of work
A) and 14.7%—if the strength was determined by the composition of the mortar
(class of work B) [17].

When determining the homogeneity coefficient of the masonry, the following
factors were taken into account:

a) the necessary provision of the design resistance of the masonry (based on the
rule of “three sigma”):

• for class of work A k ′ = 1 − 3VA = 1 − 3 · 0.09 = 0.73;
• for class of works B k ′ = 1 − 3VB = 1 − 3 · 0.147 = 0.56;

b) possible reduction in the quality of masonry k ′′ = 0.9;
c) possible decrease in the masonry strength k ′′′ = 0.95.

The resulting homogeneity coefficient of the masonry was as follows:

• for the case of class of works A k = 0.73 · 0.9 · 0.95 = 0.6;
• for the case of class of works B k = 0.56 · 0.9 · 0.95 = 0.48 ≈ 0.5.

At the suggestion of prof. S.A. Sementsov [17] these coefficients were taken into
account in the norms of SNiP II-22-81 “Stone and reinforced stone structures” when
assigning the design resistances of masonry. It should be noted that at the stage of
implementation of the calculation method of limit states, the system of correction
factors for the strength of masonry was considered cumbersome and difficult to use
in the calculations. Therefore, the rationing of calculations of masonry, starting from
the 40s of the twentieth century, did not fit into the general procedure of the method
of limit states, and remained based on the calculated characteristics of strength.

In the late 80’s of the twentieth century in CNDIBK under the leadership of prof.
V.D. Raizer an attempt was made to translate the calculation of stone structures
into the format of the method of limit states. To do this, statistical studies of the
masonry strength were realized [20]. They showed that the actual average strength
of brickwork is slightly higher than strength calculated by theEq. (4) of LIOnishchik)
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Table 9 Average compressive strength of the brickwork, MPa

Brick brand Brick average
strength
(GOST/factual,
MPa)

Mortar average strength
(GOST/ factual, MPa) for brands

M150 M100 M75 M50 M25
15

13.93
10
9.65

7.5
7.23

5
4.92

2.5
2.38

M75 7.50
9.36 – 2.97

3.37
2.81
3.16

2.57
2.88

2.14
2.38

M100 10
11

3.81
4.01

3.53
3.72

3.31
3.48

3.00
3.15

2.49
2.60

NotesActual data on the average strength of themortar are taken from the publication [18], for bricks
from the publication [19]. Data on the average strength of the masonry: the numerator - strength
calculated by Eq. (4) with the substitution of the strength of mortar and brick according bricks
from the publication [19]. Data on the average strength of the masonry: the numerator - to GOST
(given values), the denominator - strength calculated by the same formula with the substitution of
experimental strength of mortar and brick

(Table 9). This is due to the fact that the average compressive strength of the brick
is greater than that required by the standard.

The largest sample of test results of M100 brickwork samples with M25 mortar
was considered separately. The normative and design values of the strength of this
masonry were evaluated. With a provision of 0.995, the experimental value of the
masonry strength of 2.1 MPa was 1.5 times higher than the above 1.42 MPa; with a
provision of 0.95, the corresponding values were 2.12MPa and 1.7MPa. Taking into
account the correction factors included in the homogeneity coefficient, the value of
the design resistance of 1.30 MPa contained in the standards was confirmed for the
specified sample of material strengths.

To expand the combinations of the original components of the masonry strength
VD Raizer applied statistical modeling. The test results obtained in this case differ
slightly from the calculations by the Eq. (4) by LI Onishchik. The conclusion about
the possibility of increasing the calculated strength of the masonry by reducing the
variation coefficient of the mortar is substantiated. The general offer is made: a) to
accept values with provision not less than 0.995 for design values of masonry resis-
tance at compression taking into account the gained experience (results are in article
[20]); b) to equalize the provisions of resistances and in some cases to increase them
essentially (to 20%), c) to enter the normative resistance of masonry with provision
of 0.95. To date, these proposals are not included in the design standards. The current
norms for stone structures have no normative values of strength characteristics and
give only the design values of these values.

2.3 Statistical Characteristics of Wood Strength

The strength of wood is evaluated by the results of tests of small pure samples of
wood (so-called “pure wood”). Some of the published generalized statistical data on



Statistical Strength Characteristics of Building Structures Materials 325

Table 10 Statistical indicators of softwood strength

Indicators Strength limit along the fibers

Compression
MPa

Bending MPa Tension MPa Chipping MPa

Average 46.8 80.6 93.7 7.37

Minimum 33.6 43.8 50.5 4.04

Maximum 69.5 117 131 12.2

Variant number 61 61 31 55

Standard 7,82 15.0 22.9 1.5

Coefficient of
variation, %

16.7 18.7 24.4 21.0

Kurtosis 0.449 0.318 −0.821 0.90

Asymmetry 0.816 0.273 −0.174 0.45

Table 11 Statistical indicators of hardwood strength

Indicators Strength limit along the fibers

Compression,
MPa

Bending, MPa Tension, MPa Chipping, MPa

Average 52.6 97.0 113.2 10.3

Minimum 31.4 55.7 63.2 4.67

Maximum 81.7 160.0 212.0 19.0

Variant number 123 115 39 101

Standard 9.86 21.99 32.84 3.19

Coefficient of
variation, %

18.7 22.7 29.0 30.9

the wood strength of different species of the former USSR are given in Tables 10
and 11 (humidity 12%) [21, 22].

In Tables 10 and 11 coniferous and deciduous wood species are considered as
separate statistical aggregates. This allowed to significantly expand the range of
studied characteristics of pure wood. Each variant represents the arithmetic mean for
a number of values that characterize the species and growing area. Judging by the
values of asymmetry and excess, all data sets, without exception, obey the normal
distribution law. The generalized average values of wood strength were higher for
deciduous species, the standard and coefficient of variationwas lower for conifers that
characterize the variability of wood strength. The coefficient of variation is different
for different stress states of wood. The tensile strength of pure wood with average
values of about 100 MPa and maximum more than 200 MPa, commensurate with
some grades of steel. The average compressive strength of wood along the fibers is
twice less. The average tensile strength in static bending occupies an intermediate
position between tension and compression.
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Statistical data of Tables 10 and 11 gave a general probabilistic picture of the
wood strength and served as a basis for its rationing. It should be emphasized that
the method of substantiation of normative and design resistances of wood is much
more complicated than other materials. The average values of the strength of pure
softwood from Table 10 were included in the norms of SNiP II-25-80 “Wooden
structures” (marked as ). Normative values of the strength limit of pure wood ,
determined by the standard method at a distance of 1.64 standards from the average
value, were also given. In the specified codes the average and normative resistances

of lumber were resulted with essential reduction taking into account influence of
wood defects and the sizes of working section of wooden elements.

The fact is that yard lumber is a qualitatively new statistical set, another material,
the mechanical properties of which are determined not so much by the numerous
elements of the wood microstructure, but by the presence of a large defect such as a
knot, all characteristics of which are very different from pure wood. Therefore, the
variability of lumber is higher than that of pure samples, as the presence of defects
adds additional variance to the results. It is noteworthy that the absolute values of
tensile strength of lumber along the fibers are 2–4 times lower than strength of small
samples. The compressive strength of pine and spruce lumber along the fibers is
approximately the same and twice less than strength of small pure samples [23].

For the transition to the design resistance, the coefficient of long-term resistance
of woodmmp and the coefficient of reliability γ = (1 − βnV )

/
(1 − βV )were intro-

duced, where βn = 1.64 is the coefficient (safety characteristic), which corresponds
to the provision of 0.95 of the normative resistance; β = 2, 33—coefficient that
took into account the provision of 0.99 of the design resistance. Let us illustrate
these transformations with the example of the tensile strength of softwood along the
fibers: pure wood—average value , normative value ; 1st
grade lumber—average value , normative value ; stretched
elements of the 1st grade—design resistance Rp = 10 MPa. Thus, the design resis-
tance of lumber was much less than the initial strength of small pure samples. In
addition, the design resistance is adjusted by a number of lowering coefficients,
taking into account the operating conditions and features of the structures.

The strength characteristics ofwood are influenced bynumerous factors, including
growth conditions and the actual age of the trees from which the structural wood
is obtained. In this regard, it is interesting to compare the strength characteristics
of softwoods belonging to different construction periods—the nineteenth century.
(“old” wood) and the late twentieth century (“new” wood)—on the example of pine
wood of the Arkhangelsk region, one of the main forestry regions of the European
part of Russia [24]. For this purpose, during the restoration of wooden architecture
objects, the specialists of the Moscow State University (MSU) selected samples of
structural “old” and “new” wood aged 75 and 110 years. The test results of the
obtained samples of pure wood, processed by statistical methods, are given in Table
12.

Experimentally obtained average and normative resistances of wood of different
ages for compression and bending are illustrated, which are compared with each
other and with resistances according to SNiP II-25-80. Note that for the “new” wood,
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Table 12 Comparison of wood resistances of different ages with each other and with codes

Notes:The denominator of the values in columns 4 and 5 shows the ratio of experimental resistances
to resistances according to SNiP; column 6 shows the ratios of resistances of “old” and “new”wood;
column 7 shows the resistances of pure wood according to SNiP

the coefficients of variation of compressive and bending resistances are 7.7% and
12–14%, respectively.

As can be seen fromTable 12, in all cases, the strength of wood of the XIX century
which aged 75 and 110 years is more than 1.00–1.31 times the strength of modern
wood of the appropriate age. Obtained as a result of tests of small samples of pure
wood and subsequent statistical processing, the normative resistance of compres-
sion along the fibers is more than established by current standards: for wood under
75 years—by 7 and 25%, for wood under 110 years—by 32 and 45% for modern
wood and wood of the XIX century respectively. Normative bending resistances of
modern wood and wood of the XIX century are more than the resistances established
by norms for wood up to 75% of age—by 1%; for wood up to 110%—by 22 and
42% respectively. This shows that wood belonging to the construction periods of the
nineteenth century and present, can be used as a structural building material.

Some authors believe that the parameters of defects do not fully characterize
the strength and deformability of structural lumber, and in this aspect a statistical
approach may be promising [25]. As an argument for the statistical assessment of
the strength of the beams proposed defect index V%—the relative total volume of
knots of the fracture site—which is defined as the ratio of the sum of the volumes
of knots located on the beam length equal to the width of the beam to the volume
of this sample. To obtain the initial data, tests were performed on samples of spruce
wood of the 1st grade and pine of the 2nd grade, the results are given in Table 13.

Statistical indicators of wood strength of the tested samples of spruce and pine, as
in previous tests (Tables 10, 11 and 12), correspond to the values of normative and
temporary resistances of SNiP II-25-80. The values of the new indicator of wood
defects are of the following order: 1st grade—average value V ≈ 3%, standard
V̂ ≈ 2%; 2nd grade—average value V ≈ 8%, standard V̂≈ 5%. The correlation
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Table 13 Test results of wood samples [25]

Wood Stress state N Designation X X̂ X0,95

Spruce Bending 54 R, MPa 45.8 8.8 31.3

V,% 2.7 1.7 –

Pine Compression 42 R, MPa 31.7 4.9 23.6

V,% 7.1 4.7 –

Bending 52 R, MPa 35.9 9.5 20.2

V,% 7.6 4.8 –

Designations N—number of tested samples; R—resistance of wood; V—relative total volume of

knots of the destruction site; X—average value; X̂—standard; X0,95—value with provision of 0.95

analysis revealed a linear decrease inwood strengthwith increasingV at a correlation
coefficient ρ = 0.5–0.7.

As shown above, in all tests, the strength characteristics of wood were well
described by the normal distribution law. But it should be noted that the initial distri-
butions of the limit strength of whip wood deteriorate with prolonged storage of raw
materials in stacks in warehouses, in interoperable stocks after dimensional sorting
of logs, in drying stacks and stacks of finished products. Therefore, the limit strength
distribution of lumber can take the form of the sum of four normal distributions with
their arithmetic means and standard deviations [26].

In modern design standards DBN B.2.6–161: 2017 “Wooden structures. Basic
provisions” wood is divided into strength classes separately for coniferous and decid-
uous species depending on the characteristic values of strength, stiffness and density.
The designations of the classes coincide with the characteristic bending strength of
wood, expressed in N/mm2.

In parallel with the development of probabilistic substantiation of the parameters
of the method of calculation of wooden structures by limit states, the calculation of
reliability of such structures was developed, and the lognormal distribution law was
used to describe the strength of wood [27, 28].

3 Conclusions

A systematic review of work is carried out on the problem of statistical description
of the strength of building materials. Structural materials such as concrete, brick,
mortar, brickwork, wood are considered. The main attention is paid to the statistical
characteristics of the materials strength of different periods, such as mathematical
expectation, standard deviation, coefficient of variation, etc. These data are intended
for use in numerical calculations of reliability of structures. The evolution of design
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norms of building structures is analyzed in the part of changes of purpose and provi-
sion of normative and design resistances and utilization of experimental statistical
data.
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Forecasting the Possible Accident
Scenario on the Example of Self-framing
Metal Buildings

Sergii Pichugin and Lina Klochko

Abstract The article aims to provide a graphical modeling of the possible accident
probability at a construction site. Amodel feature is the calculation and frame design
with a cold-formed steel. The article reveals the essence, features and disadvantages
of light steel framing (LSF). The general concept of accidents statistical processing in
construction is also considered in thework. For the further possibility ofmodeling the
accident, the main stages have been identified the highest percentage of the building
collapse probability. The LSF collapse examples are highlighted and presented. The
accidents statistics is considered as a prerequisite for the correct and reasonable
modeling of a possible accident. The calculation for modeling the frame of a real
construction object, namely a superstructure with LSF, has been performed. The
peculiarity of the light thin-walled steel structures calculation is highlighted. Atten-
tion is focused on the roof (truss)calculation for this project. With the help of the
method of knocking out (withdrawing) individual elements of the frame supporting
structures, possible destruction scenarios of the structure are considered. As a result
of the work carried out, the most vulnerable area with a dangerous influence as a
result of structural element stability loss was determined. Consequently, appropriate
conclusions were drawn.

Keywords Cold-formed steel · Light steel framing (LSF) · Accident · Building
collapse · Building collapse probability ·Modeling · Statistic

1 Introduction

Modern construction industry is at the rapid state of innovation development. The
main design goal is themaximumconstruction site reliability alongwith its economic
feasibility. For these reasons the construction industry is in constant search of new
designs that can meet all the customer needs. The main structural element goal is
the necessity for bearing capacity and the ability to withstand deformations using
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more economical sections and visually perfect forms to implement the architectural
design.

As a result of this development of the construction industry, cold-formed steel,
namely LSF (light steel framing), is being actively investigated and introduced into
construction. This structure type is a thin steel building structure used for building
houses. These structures include profiled sheets and thin-walled galvanized steel
profiles.

Light steel framing conquer the world construction market with a number of
advantages, namely:

• wide architectural possibilities;
• high rates of construction and all-season installation;
• the possibility of construction in hard-to-reach places;
• light weight and no shrinkage;
• high energy efficiency;
• environmental friendliness;
• absence of harmful effects;
• economic benefit [13].

Taking into account the above structures advantages of this material, it is impos-
sible not to pay attention to the disadvantages as well, especially if this can lead to
an accident of a building or structure.

Thus, in the process of researching and improving the design of LSF in the world,
including Ukraine, where the next construction type is gaining more and more popu-
larity, the task is to implement a complete design project, including modeling a
possible accident at a construction site.

2 Main Body

2.1 The Analysis of Recent Research Sources
and Publications

Light steel framing, methods of their improvement and ways of using in civil engi-
neering are actively pursued by scientists around theworld, including in their research
and the specifics of the country construction study. More detailed information on this
issue is given in the works of such scientists as Remo F Pedreschi [5], R.M. Lawson
[6], Enrico de Angelisa [2], Cláudio Martins [8]. A significant contribution to the
LSF design inUkrainewasmade by such scientists as SemkoV.O. [11] and Pichugin,
S.F. [10, 14–17].
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2.2 The Selection of Previously Unsolved Parts of General
Problem

The issues of modeling a possible accident at a construction site are widely studied
and introduced into the world design standards. Such modeling aims to create the
most reliable structure frame. In the case of the exclusion of some load-bearing
elements, the modeling purpose is to preserve a full-fledged structure frame. This
approach allows to limit the negative factors influence at different construction stages.

2.3 Problem Definition

Themain goal of thework is to study the features of LSF, based on the accidents statis-
tical material in buildings and structures, including this structures type, to develop
and simulate a scenario of the accident possibility at a construction site made of light
steel framing (knocking out from the work of the frame supporting elements).

2.4 The Main Material and Results

2.4.1 Characteristics and Features of LSF Using

Light steel thin-walled structures are gaining wide popularity nowadays both in
Ukraine and around the world. If we consider the history of the this frames type
introduction, the first thing to mention is the frames development in the 50 s of the
twentieth century in Canada.

Light steel framing can be presented in low-rise buildings shape (see Fig. 1) as
well as multi-storey (Fig. 2), including multi-occupancy and panelised structural
frames [1].

Speaking of light steel framing, it is important to note that they consist of galva-
nized C-profiles, which have a depth of 70 to 100 mm in wall panels and 150 to
300 mm in depths of C-profiles or lattice beams in the slabs. All this allows for
sufficient design flexibility to create individual projects.

Characteristics of prefabricated wall panels: usually floor heights from 2.7 to
3.2 m; length up to 8 m, depending on the conditions of transportation and lifting.

A house can be constructed from as little as 12 wall panels. It is also important to
note that about four houses (large apartments) can be transported by truck. The floors
can be constructed in two ways: individual joists or prefabricated floor cassettes.

It should be noted the popularity of the composite slabs use supported by light
steel walls in special fields. The floor slab usually varies from 150 to 180mm and has
a span of up to 5.5 mwhen temporarily supported during construction. It is important
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Fig. 1 Accident statistics by construction stages

Fig. 2 Accidents statistic
during construction,
depending on the country
where it was occurred

to note that such a slab is shallower and makes it possible to provide routing of ducts
suspended from the decking.

Joisted and composite floors often use thin floor beams to create a large enough
space and open plan space. An example of such a design can be lobby areas and
etc. These beams are integrated into the floor area. Steel and concrete stairs are



Forecasting the Possible Accident Scenario on the Example… 335

usually supplied as part of a light steel package and are integrated into the Building
Information Model (BIM) provided by the light steel supplier.

2.4.2 Prerequisites for LSF Frame Modeling. Construction Accident
Statistics

Having a clear understanding of LSF design and operation and taking into account
the advantages and disadvantages of this material, there is certainly a need to exclude
the occurrence of a possible accident at this construction site.

Knowing about accidents in construction in general and separately LSF, it is
worth noting that the problem arises due to the rapid influx of the latest technologies.
Objects are beginning to be created, the analogs of which do not yet exist, which
means that they cannot use the trial and errormethod, referring to the past generations
experience. Construction projects are acquiring new forms, using the latest material
and technical base, while requiring maximum efficiency, energy efficiency and, at
the same time, reliability. These newest technologies include the manufacturing and
design technology of LSF.

To successfully fulfill all the above conditions, the scientific sector for the
construction industry development is faced with the task of creating a unified
algorithm for eliminating a possible event of a building or structure accident.

The most probable and effective way to solve the posed problem is to solve
it by contradiction. That is, in the engineering building design, it is necessary to
be able to simulate various options for the destruction of a building structure, the
exclusion of load-bearing elements from the work to further determine the most
vulnerable structural scheme sections,whichwill strengthen the necessary structures.
The carried out work will reduce the likelihood of an accident in general.

Based on the study of the accidents occurrence experience around the world
for the period from 2000 to 2020, the construction accidents classification example
was created and attempts were made to calculate and simulate the destruction of
the industrial building structure. When searching for accidents, scientific works of
previous years, Internet resources, news information sources, statistical data from
the relevant centers of Ukraine, Russia and the EU were used.

As a result of the carried out work, the following data were obtained. Speaking
about the structure operation stage and the accidents occurrence, according (see
Fig. 1), it can be concluded that the largest destruction falls occurrence sector on the
stage of construction and putting into operation a construction site. A particularly
high percentage of such accidents can be observed in the countries with fragile
economies and below-average wealth levels. Countries such as India, Egypt and
African countries are at the top of this rating [11] (see Fig. 2).

It is obvious from the diagram, 31%are accidents during the buildings or structures
operation. Basically, the buildings destruction at this stage is caused by improper
construction site operation, the load of the supporting structures is more than the
permissible by design, and the failure by repair work and reconstruction on time. But
even during reconstruction, serious construction accidents can often occur. Their
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percentage is 5% of the total and lead to serious economic and non-economic losses.
6% is the sector of accidents due to the old building age. Basically, the object destruc-
tion occurs as a result of exceeding the service building life, failure to carry out
repair and reconstruction work planned according to the building passport, as well
as postponing the necessary dismantling.

When it comes to cold formed steel construction only, attention should be paid to
the problem of tracking such accidents. Basically, the media do not pay attention to
many of these incidents, since they have little impact and consequences.

But despite the tracking information complexity, there are several examples of an
accident with the LSF.

One of the striking examples is the cowshed construction (32 × 150 m) in
the Smolensk region (Russia) in 2012. The framework of the light steel structures
collapsed in the first winter after construction. The building was partially put into
operation. Steel structures were destroyed (span 16 m). During the investigation,
obvious errors were found directly in the design itself [3].

Also on January 26, 2014 in the morning in one of the Russian regions a hangar
was destroyed. The structure could not withstand the load from the snow and fell like
a cards house. The hangar has not been put into operation. Thanks to this, possible
human casualties were avoided [7].

LSF accidents caused by their main disadvantages, specifically:

• the LSF supporting structures durability and the building (structure) as a whole
strongly depends on the steel profiles production quality and the LSF installation.
On average, the LSF load-bearing frames durability in our conditions is 40 years
(due to the corrosion of the galvanized profile, the LSF durability is low, compared
to stone, concrete and brick buildings;

• low fire resistance of building frame steel structures (it is necessary to increase it
by installing fire-resistant protective sheathing.

• after a fire, the LSF supporting structures cannot be restored and require complete
replacement [4].

2.4.3 Design of LSF Structures

To appropriately design LSFs, it is important to model the structure in three
dimensions and with high accuracy.

After making 3D model of the intended building, appropriate framing would
be assigned based on engineering principles and computations. Then, drawings
which are corresponding to manufacturing and installation of panels would be
prepared. The issued drawings should take into account all the engineering details
and considerations in a specific manner.

Drawings are divided into following groups:

1. Drawing of walls, roofs and corresponding connections including size of struc-
tural members, thickness of plates, distance of members, location of load
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bearing and non-load bearing walls, details of connections and considerations
of regulation.

2. Drawings of roof and trusses (if necessary) and relevant connections which
include trusses production drawings, braces of roofs, connections and regulation
implications [9].

As a result of the analysis of the structure’s operation and main disadvantages
determination, it becomes necessary to simulate the accident likelihood at a construc-
tion facility of LSF at the design stage, in order to enhance the structure reliability
and to prematurely prevent the destruction of themost unreinforced building sections
as a result of an unforeseen situation during building operation.

This method of modeling the accident likelihood in a building or structure allows
predicting and assessing the risk of possible destruction, if necessary, to strengthen
the structure. Moreover, the following method allows you to check the calculations
correctness, significantly reduces the percentage of the building accident likelihood
as a result of engineering errors.

Carrying out modeling on the example of a real engineering project.
Thismodelwas created three-dimensional, with a total length of 26.894m, created

to calculate six frameswith a step of 1.2m. The truss height on the support is 300mm.
The length of the columns is 3 m. The spans are 11,144 m. The general view of the
building frame is shown in Fig. 3.

Based on the created 3D model of the LSF frame, we proceed to modeling the
scenario of a possible accident of this object. To perform the task directly, you must
perform the following calculations:

1) perform linear calculation with the determination of the frame deformation (see
Figs. 4, 5);

Fig. 3 General view of the structure frame
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Fig. 4 3D model of the frame with certain removed elements

Fig. 5 Linear calculation with the determination of the frame deformation

2) exclusion from work in the structural scheme of individual load-bearing
elements (columns 3, 7, 8), the calculation of the scheme, as a result of which
reinforcement is assigned for the model calculation in the non-linear phase;

3) the building calculation taking into account physical and geometric nonlinearity
and dynamic coefficient.
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It should be noted that at third calculation stage, the criteria for the structures
destruction are the geometric system variability at the nth step, an avalanche-like
growth of deformations and the system displacement.

The next step is to identify the most dangerous areas of the frame. Using the
designmodel, we determine the areaswhere the greatest efforts occur in the elements.
Guided by the previously created 3Dmodel, we remove one after another the bearing
elements of this section, namely the columns K3, K7 and K8 (Figs. 6, 7 and 8).

When the K-3 column was removed from the general scheme, the deformation
frame calculation was carried out again. The calculation result is shown in Fig. 4.

A similar frame calculation for deformation was performed when the column K-7
(see Fig. 7).

K-3

Fig. 6 The frame calculation result on deformation with the decommissioning of column K-3

K-7

Fig. 7 The result of calculating the frame on deformation with the decommissioning of column
K-7
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K-8

Fig. 8 The results of the design calculation in the accident simulation - removal of the K-8 column

Fig. 9 The result of calculating the frame on deformation with the decommissioning of truss T-2

Also, the calculation of the frame was carried out when the column K-8 was
excluded from the work, which made it possible to carry out further analysis of the
progressive failure effect on the structure (see Fig. 8).

On the basis of the accidents analysis in construction, in particular the study of
LSF accidents statistics, the most vulnerable frame element was determined. For this
type of structures, the largest accidents percentage falls on the roof destruction from
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snow loads. It was simulated a situation in which the snow loads will be higher than
the critical ones. It was removed a constructive element from work—a roofing truss
F2 (see Fig. 9).

As a result of the analysis of the simulated possible accidents scenarios in Figs. 4,
5, 6, 7, 8, when the load-bearing frame elements are removed from LSF, appropriate
conclusions can be drawn. The framework destruction occurs locally, only within the
elements limits removed from work and does not proceed to the progressive entire
model destruction. So, the structure does not need additional reinforcement.

3 Conclusion

As a result of the work carried out, LSF features material were investigated, based on
the accidents statistics material in buildings and structures, including this structures
type. And also LSF modeling was carried out on the example of a real construction
object. The processedmaterial on the accidents statistics in construction, in particular
cold-formed steel structures accidents, made it possible to consider themost probable
scenarios for the possible structural failure occurrence.

To create the most reliable building frame, it is necessary to envisage various acci-
dent scenarios. Such scenarios can be divided into separate groups as a result of the
statistical materials processing on this topic. These include: accidental, reliable and
impossible accidents [11]. When modeling LSF accidents, it is worth paying atten-
tion to the specifics of the this particular type structures destruction occurrence. The
experience and construction incidents statistics at LSF highlight the main reasons for
the structures destruction, namely: design errors (in particular, roof destruction due
to incorrect calculation of snow loads) and installation errors (poor-quality instal-
lation, negligence during work). The above accidents causes arise at the construc-
tion stage and facility commissioning and belong to the possible accidents group.
Therefore, when modeling the LSF accident scenario, first of all, it is necessary to
remove from work the structural roof elements (also allows to check the loads calcu-
lation correctness) and key vertical bearing elements (determined by direct frame
calculation).

All of the above modeling stages were presented in this work using the example
of a real building object of LSF.

The result of this simulation is the determination of the need to strengthen the
structure. In this case, amplification is not required, since the object fully complies
with the design requirements. But it is worth focusing on the importance of this
modeling type for unique architectural structures, large construction projects and
increased danger objects. They are the ones that have the highest danger degree in
the emergency event an and should be designed with consideration of all possible
accident probability scenarios.
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Subsequently, it becomes necessary to simulate the accidental collapse possibility,
it is especially important to carry out such a calculation for objects of increased
danger. Accidental collapce occurrence includes—explosion, fire and other natural
factors.
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Plasticity Theory in Strength
Calculations Concrete Elements Under
Local Compression

Volodymyr Pohribnyi , Oksana Dovzhenko , Oleksiy Fenko ,
and Dmytro Usenko

Abstract To determine the strength of compressed elements, a variational method
was proposed in the theory of concrete plasticity using the principle of virtual veloc-
ities. Plastic strain of concrete are considered to be localized in thin layers on the
surface of failure (jump of velocities). The given basic dependences of the variational
method. The problem of the strength of a concrete base when a rectangular stamp is
pressed in by themethod of characteristic lines under conditions of a plane stress state
and plane strain has been solved and by the proposed method with a comparison of
the results obtained. Two cases of destruction of a concrete base under local compres-
sion without splitting and during its implementation are considered. Dependencies
provided for determining the ultimate load value under the stamp. The boundary
between the cases of destruction is established depending on the ratio of the height
of the base to the width of the stamp.

Keywords Principle of virtual velocities · Functional of the method · Stationary
state · Strength · Concrete base · Indentation of a stamp

1 Introduction

In construction,widespread concrete elementswith various shapes, geometric dimen-
sions, the nature of the load application, the specifics of the stress state. As a result of
the variety of proposals for assessing their strength [1–7], questions arise regarding
the choice of design dependencies. Modern energy efficient structural solutions
require refinement of calculations [8–10]. The empirical approach has a narrow
field of application, limited by the experimental conditions, and the extension of the
obtained formulas to other cases of operation of compressed elements can lead to
errors in assessing their strength. Therefore, the creation of a fairly general method-
ology for calculating the strength of concrete elements in compression on a theoretical
basis is an urgent task. As such a theoretical basis, the theory of plasticity can be used,
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the mathematical apparatus of which is widely tested for plastic materials. Scien-
tific research is devoted to this direction [11–17]. At the National University «Yuri
Kondratyuk Poltava Polytechnic» a variational method in the theory of plasticity of
concrete using the principle of virtual velocities has been developed for calculating
the strength of concrete and reinforced concrete elements under the shear [18–20].
The method considers discontinuous solutions and has experimental confirmation
on keyed joints, models of a compressed zone above a dangerous inclined crack,
samples that were recommended for determining the resistance of concrete with a
“pure shear”, etc. [21, 22]. There is a possibility of using it to solve problems of the
strength of concrete elements under local compression [23]. Taking into account the
specifics of their stress–strain state will make it possible to add additions to the basic
dependencies of the variational method.

2 TheMain Dependencies of the Principle of Virtual Speeds

The limited plastic properties of concretes cause localization of severe strain in the
area of uneven compression in thin layers on the failure surface. Therefore, the
functional of the principle of virtual velocities, at which only the strain rates vary,
can be written in the form

J =
∫

Sl

(T H ′ + σξ ′)�ndS −
∫

SF

Fiυ
′
i dS, (1)

where T – the shear stress intensity; H’ – the intensity of shear strains; σ –
the average stress; ξ ’ – the volumetric strain; Sl – the failure surface area; �n – the
thickness of the plastic layer;Fi – the surface force;υ ′

i – the speedof theFi application
point; SF – the area of action Fi.

The condition of concrete strength is accepted [24], which in the area of triaxial
non-uniform compression is considered as a condition for the onset of yield of
materials with different resistance to axial tension f ct and compression f c

T 2 + mσ − T 2
sh = 0, (2)

here m = fc − fct , T 2
sh = fc fct/3.

Strength condition (2) at plane stress state and plane strain in coordinates |τn|−σn ,
respectively, is written

|τn| = ϕ(σn) =
√
d2 − 1

4
(σn − m)2, (3)

|τn| = ϕ(σn) =
√
m

(
σn + 1

4
m + 1

12
n2/m

)
, (4)
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where d =
√

( f 2c − fc fct + f 2ct )/3, n = fc + fct .
The functional of the principle of virtual velocities J [25] is investigated for a

stationary state using the equation δ J = 0.
In a plane stress state in the range of available slip planes at �n → 0, using (2)

and (3), we have

δ

∫

Sl

[
d
√
4�v

′2
n + �v

′2
t − m�v

′
n

]
dS −

∫

SF

Fiv
′
ldS = 0, (5)

here�υ ′
n and�υ ′

t – jumps of normal and shear velocity components on the failure
surface (velocity jump line).

Under conditions of plane strain, taking into account (2) and (4), the functional J
is investigated using the equation

δ

∫

Sl

[
d2

m
+ m

4

(
�υ ′

t

�υ ′
n

)2
]

�υ ′
ndS −

∫

SF

Fiυ
′
i dS = 0. (6)

Introducing the characteristic of strengthχ = fct/ fc and parameters k ′ and tan γ ′,
where υ ′

1 and υ ′
2 – the velocity components in the direction of stress σ 1 and σ 2, but

γ ′– the angle between the failure surface and the direction of action of the principal
stresses σ 1, and solving Eq. (5) with respect to σ1 = F1/SF , the basic dependence
for the plane stress state is received

σ1
fc

=
2

√(
1 − χ + χ2

)/
3
√(

k′ − tan γ ′)2 + 0.25
(
1 + k′ tan γ ′)2 − (1 − χ)

(
k′ − tan γ ′) + kσ2

/
fc

tan γ
. (7)

The value σ1
/
fc is set by varying the parameters k and γ and corresponds to the

minimum power of plastic strain.
According to the obtained parameters k and tan γ on the failure surface, the level

of shear stresses

τn

fc
=

√
(1 − χ + χ2)/3(1 + k tan γ )√
4(k − tanγ )2 + (1 + ktanγ )2

, (8)

and normal stresses

σn

fc
= 1 − χ −

4
√(

1 − χ + χ2
)/

3(k − tan γ )√
4(k − tan γ )2 + (1 + k tan γ )2

, (9)

is established.
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When used as a vary parameter of the angle ψ = π/2 − 2γ between the tangent
to the strength condition (3) and the direction of normal stresses σn , the following
expressions were obtained to determine σ1, τn and σn

σ1
fc

=
2

[√(
1 − χ + χ2

)/
3
√
1 + 4 tan2 ψ ′ − (1 − χ) tanψ ′

]
+

(√
1 + tan2 ψ ′ + tanψ ′)σ2

/
fc

√
1 + tan2 ψ ′ − tanψ ′ , (10)

τn

fc
=

√(
1 − χ + χ2

)/
3√

1 + 4 tan2 ψ
, (11)

σn

fc
= 1 − χ − 4

√
(1 − χ + χ2)/3 tanψ√

1 + 4 tan2 ψ
. (12)

Under conditions of plane strain, the equations for determining the stresses σ1,
τn , σn have the form

σ1

fc
=

(
1
3

1−χ+χ2

1−χ
+ 1−χ

4 tan2 ψ

)
ψ + σ2

fc

(√
1 + tan2 ψ + tanψ

)
√
1 + tan2 ψ − tanψ

, (13)

τn

fc
= 1 − χ

2 tanψ
, (14)

σn

fc
= 1 − χ

4

[
1

tan2 ψ
− 1 − 1

3

(
1 + χ

1 − χ

)]
. (15)

3 The Problem of the Action of a Rectangular Stamp
on a Concrete Base Under a Plane Stress State and Plane
Strain

We consider the problem of determining the limit value of a uniformly distributed
load q, which is transmitted to a concrete base through a rectangular stamp (Fig. 1).

To solve it in a plane stress state and plane strain, the well-known method of
characteristic lines is used [24–26]. A thin and infinitely long base is adopted. The
strains are considered small, so the change in the outline of the free surface can be
neglected.

Two families of characteristic lines z and u and three characteristic areas of the
stress state are considered: I (ABC) – simple stress state of uniaxial compression in
the horizontal direction, which corresponds to a free rectilinear boundary; II (CBO) –
a centered arear with an alternating stress state in the direction of the characteristics
u with a family of radial straight lines z = const centered at point B; III (BOB’)
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Fig. 1 Calculating the strength of a concrete base when exposed to a rectangular stamp

– biaxial compression with principal normal stresses σ1 = q. The location of the
OB’C’ and C’B’A’ arears relative to the central axis is symmetric to the OBC and
CBA arears.

The parameters that determine the stress state are first set in the I arear with a
sequential transition to the I arear, the value of the CII(u) is set using the properties
of the characteristic lines and the boundary conditions on the line BC (B’S’).

The calculation is made for concrete with a ratio χ = fct/ fc = 0.1,d = 0.551 fc.
In a plane stress state, the angle of inclination of the characteristic lines in the I

area to direction of action σ 1 is set by the formula

γI = 1

2
arc cos

m − 0.5 fc
1.5 fc

= 1

2
arc cos

0.5 − χ

1.5
(16)

and is equal to γI = 37.27o.
For the convenience of consideration, the parameter is entered t = (σ1 − σ2)/2,

which in the area I and when σ1 = fc and σ2 = 0 is equal tI = 0.5 fc; tI/d = 0.907.
The equation on the characteristics u = const is written as

arcsin

(
5

3
− 8

3

t2III
d2

)
+ 1

2
arcsin

(
5

3
− 2

3

d2

t2III

)
= arcsin

(
5

3
− 8

3

t2I
d2

)
+ 1

2
arcsin

(
5

3
− 2

3

d2

t2I

)
− π. (17)

Substituting the values of the parameters tI and d received: tIII
/
d =

0.82, tIII
/
fc = 0.452.

The principal stresses in area III are determined from the equations

σ1 = m +
√
3
(
d2 − t2III

) + tIII =
(
1 − χ +

√
1 − χ + χ2 − 3t2III + tIII

)
fc, (18)

σ2 = m +
√
3
(
d2 − t2III

) − tIII =
(
1 − χ +

√
1 − χ + χ2 − 3t2III − tIII

)
fc (19)

and are equal to σ1 = 1.9 fc, σ2 = 0.995 fc.
Limit value of uniform load q = 1.9 fc.
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The angle between the characteristic u and the direction in area III is determined
by the formula

γIII = 1

2
arc cos

m − (σ1 + σ2)/2

3tIII
= 1

2
arc cos

1 − χ − (σ1 + σ2)/2

3tIII
(20)

and is equal to γIII = 57◦.
The sizes of areas I, II and III are: BO = a

/
sin γIII = 1.19a; the radius of the

u-characteristic at the boundary of arears I and II is defined as

rBC = 4

√
4t2III − d2

4t2I − d2
rBO , (21)

BC = rBC = 1.1a, AB = 2rmax cos γ1 = 1.75a, AA′ = 2(AC + a) = 5.5a.
Considering that χ = 0.15: γI = 38.25◦, γIII = 58.04◦, tIII = 0.428 fc, σ1 = q =

1.85 fc, σ2 = 0.989 fc;χ = 0.05: γI = 36.27◦, tIII = 0.475 fc, σ1 = q = 1.95 fc,
σ2 = 0.999 fc.

Under conditions of plane strain, the placement of arears I, II, and III is similar
to that shown in Fig. 1.

In the arear I a simple stress state (σ2 = 0) is realized, here the unknown angle of
inclination of the characteristics u to the direction of the stress action σ1, the value
and boundary conditions in the plane of the BC, which is adjacent to the area II. The
values of γI and σ1 are set from the dependencies

γI = 1

2
arc cos

m

m + 2d
=
1

2
arc cos

1 − χ

1 − χ + 2
√

(1 − χ + χ2)/3
, (22)

σI = 2tI = m + 2d =
(
1 − χ + 2

√
(1 − χ + χ2)/3

)
fc (23)

and are equal to γI = 31.63◦, σI = 2 fc, tI = fc.
The condition on the characteristics u = const, which makes it possible to access

the parameters of arear III through a centered arear, with plane strain is written in
the form

tan 2γIII − 2γIII = tan 2γI − 2γI + π. (24)

After substituting the angle values γI and d are installed: 2γIII = 79.53◦, γIII =
39.77◦.

Parameter is equal to tIII = 0.5m/ cos 2γIII = 0.5(1 − χ)/ cos 2γIII = 2.47 fc.
The principal stresses in area III are determined from the equations

σ1 = t2III
1 − χ

+ tIII − (1 + χ)2

3(1 − χ)
, (25)
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σ2 = t2III
1 − χ

− tIII − (1 + χ)2

3(1 − χ)
, (26)

σ3 = σ1 + σ2

2
+ m

2
= σ1 + σ2

2
+ 1 − χ

2
fc (27)

and are equal to σ1 = 9.18 fc, σ2 = 4.22 fc, σ3 = 7.15 fc.
The sizes of areas I, II and III are: BO = a

/
sin γIII = 1.56a; the radius of the

u-characteristics at the boundary areas I and II is defined as

rBC =
√
1 + 2γIII + π − 2γI

tan 2γI
rBO , (28)

BC = rBC = 2.58a; AB = 2rBC cos γI = 4.39a, AA′ = 2(AC + a) = 10.78a.
Having that χ = 0.15: γI = 31.92◦, γIII = 39.80◦, tIII = 2.35 fc, σ1 = 8.75 fc,

σ2 = 4.04 fc, σ3 = 6.82 fc; χ = 0.05: γI = 31.39◦, γIII = 39.75◦, tIII = 2.61 fc,
σ1 = 9.66 fc, σ2 = 4.45 fc, σ3 = 7.53 fc.

According to [26], the distribution of velocities is as follows: the triangular area I
moves downward with a speed V relative to areas II and III, which move away from
the central axis and up. Velocity jumps take place along the boundaries of the arears
on the CO and C’O lines. An analysis of the distribution of strains in this problem is
given in [27].

In a simplified version for applying the dependences of the variational method,
the influence of areas I and II on the strength of the concrete base is proposed to be
taken into account by lateral compression.

Under the conditions of a plane stress state at σ2 = fc, the stress value σ1 and the
geometrical dimensions of the III area (angle γIII) correspond to the characteristics
obtained by the method above.

To determine the value of the ultimate load, the dependence is proposed

q = σ1 = (2 − χ) fc. (29)

Under conditions of plane strain atσ2 = 4.22 fc the stress valueσ1 and geometrical
dimensions of the III area, the characteristics are similar to those obtained by the
method. To determine the ultimate load and principal stresses when a rectangular
stamp is applied to a concrete base under plane strain conditions, the following
dependencies are proposed

q = σ1 = (10 − 8χ) fc, (30)

σ2 = 4.7(1 − χ) fc. (31)

Consider the case of destruction of the concrete base when pressing the stamp
with splitting in the tensile zone (Fig. 2).
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The values of stresses in the tensile zone are penetrated by equal to the value of
the resistance of concrete to axial tension fct .

Dependence for determining the value of the ultimate load in the kinematic scheme
shown in Fig. 2, under conditions of plane stress has the form

q = σ1 = fc
tan γ ′

[√
(1 − χ + χ2)/3

√
4(k′ − tan γ ′)2 + (1 + k′ tan γ ′)2 − (1 − χ)(k′ − tan γ ′)

]
+ k′ fct

(
h

a
− 1

tan γ ′
)

.

(32)

The strength of the concrete base is influenced by the ratio of its height to the
width of the stamp h/a.

For χ = 0.1 a minimum power of plastic strain with varying parameters k and
tan γ in relation to a ratio h

2a = 6.32 is equal to q = σ1 = 1.9 fc, the value of the
load when concrete is destroyed only in the compressed zone.

The shear and normal stresses on the failure surface in the compressed zone are
established fromEqs. (8), (9), (11) and (12) and are equal to τn = 0.55 fc,σn = 0.9 fc.

The calculation results are given in Table 1.

Fig. 2 Kinematic scheme of destruction of the concrete base when pressing a rectangular stamp
with splitting

Table 1 The results of the calculation of the strength of the concrete base with simultaneous failure
in compressed and tensile zones at χ = 0.1
h
2a

σ1
fc

τn
fc

σn
fc

k γ,o ψ,o

4 1.61 0.535 0.639 0.724 28.95 6.96

5 1.74 0.546 0.749 0.643 28.77 3.97

6 1.86 0.550 0.862 0,572 28.79 0.99

7 1.97 0.549 0.983 0.507 29.05 −2.16
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For concretes with the ratio χ = 0.15 and χ = 0.05, the boundary between
the cases of destruction only in the compressed zone and simultaneously in the
compression and tension zones, respectively, is h

2a = 4.38 and h
2a = 12.1.

To establish the boundary between the cases of destruction, the dependence

h

2a
= 1

3
+ 0.6

χ
. (33)

For a larger value determined according to (33), the value h
2a the I case of destruc-

tion is realized (Fig. 1), for a smaller value, the II case of destruction is realized
(Fig. 2).

4 Conclusions

1. When solving the problem of the strength of a concrete base for indentation
of a rectangular stamp by the method of characteristic lines and dependencies
of the proposed variational method using the principle of virtual velocities and
the criterion for the minimum power of plastic strain, the same values of the
ultimate uniform load and geometric parameters of the area under the stamp
were obtained.

2. The size of the principal stress σ2 in the horizontal direction in the triangular
arear of biaxial compression under the stamp at the plane stress state is equal
to the principal stress σ1 = fc in the triangular arear of uniaxial compression,
which is adjacent to the free surface of the concrete base. Analysis of the stress
state of the area under the stamp made it possible to propose for determining
the values of large principal stresses σ1 and the value of the ultimate load in it
the dependence q = 2 fc − fct .

3. In conditions of plane strain, the value of the lower principal stresses in the area
of biaxial compression under the stamp is equal to σ2 = 4.7( fc − fct ) which
correspond to the value of the principal stresses and the ultimate load on the
concrete base q = σ1 = 10 fc − 8 fct .

4. The arear of realization of destruction only in the compressed zone near the
stamp (case I) and simultaneous destruction in the zone of compression and
tension (case II) at a plane stress state was determined. The boundary of cases
of destruction corresponds to the ratio of the height of the concrete element to
the width of the stamp h

2a = 1
3 + 0.6 fc

fct
. If the ratio is greater than or equal to

the specified value, the case I is realized, otherwise, the case of II.
5. The results obtained by the authors indicate that the theory of concrete plasticity

is promising for solving problems of the strength of concrete elements under
local compression.
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Abstract The state of industry and construction in Ukraine, the world experience of
effective projectmanagement application in construction and investment projects and
enterprise development programs are studied. The need for construction of new or
reconstruction, modernization and technical re-equipment of existing buildings and
structures for industrial and civil purposes, including infrastructure, was identified.
Specific requirements, procedures and tools were defined. They allow to success-
fully manage the implementation of “turnkey” construction projects. Recommen-
dations and procedures for project managers and project teams, as well as project
management standards to be implemented by Ukrainian construction companies
to ensure their continued development and competitiveness were proposed. The
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1 Introduction

Today the depreciation of fixed assets of enterprises in Ukraine reaches 85–90% [1].
That is why there is a need to build new or reconstruct, modernize and technically
re-equip existing buildings and structures for industrial and civil purposes, including
infrastructure. According to experts, to achieve the European standard of living and
development, Ukraine needs a total investment of 3.0–3.5 trillion USD., including in
the field of capital construction - 1.5–1.6 [2]. This ratio of investment needs and the
experience of the world’s leading countries shows that domestic construction compa-
nies must become the locomotives of modern development. At the same time, they
must be the most advanced and competitive enterprises. One of the ways to imple-
ment this task (along with the introduction of advances in science and technology) is
the application of standards of strategic and project management, development and
engineering.

2 The Main Material

The traditional form of separate objects construction organization (buildings and
constructions), and especially their large and unique complexes (industrial enter-
prises, objects of oil andgas complex and transport, other difficult systems)whichwas
applied earlier and extended in the present Ukraine construction complex, outdated
and has a number of disadvantages:

• the presence of construction participants large number who have different purely
corporate interests, which often bring contradictions between these participants,
significantly slow down and worsen the entire construction process;

• the diversity of participants not only does not ensure the integrity of the process
of design, construction and operation of the facility, “breaks” this process into
separate, fairly isolated phases, stages and complexes, but also leads to signif-
icant economic overruns, unreasonable increase in cost and construction time,
significant decline in its quality;

• poor economic conditions, lackof cheap and long-term investment in construction,
crises in all management areas have led to the decline of construction companies,
falling to zero levels of their opportunities for innovative development and tech-
nological renewal: complete aging and wear of construction equipment, lack of
renewal during recent decades, scientific and technological lag behind the world’s
leading construction companies, falling skills ofworkers and other personnel, etc.;

• today, the construction industry, like other sectors of the economy, have worn-out
fixed assets, use materials, technologies, scientific, technical and design devel-
opments, standards of production, construction and quality, which correspond to
3–4 technological way. At the same time, the world’s leading construction and
manufacturing companies use science-intensive products and advanced technolo-
gies, production and construction organization forms, which correspond to 6–7
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technological way. Thus, today the level of scientific and technical (innovative),
technological and organizational development of the construction industry and the
main sectors of the Ukraine economy lag behind world management standards
and competitiveness by 60–70 years [1, 2, 13–22];

These and other problems of socio-economic development and innovative
progress must be addressed in an integrated manner at all levels of government,
in various spheres of life and management by developing and implementing appro-
priate strategic target programs at the state, regions, enterprises and business levels.
The construction industry has a leading role in the practical implementation of
Ukraine modern economic reforms, in ensuring the economic entities development
and increasing the population‘s welfare, solving their everyday problems.

The world practice of effective application of the project management modern
standards in the construction investment projects development and implementation
indicates ways and mechanisms to eliminate the above shortcomings of traditional
for today’s Ukraine construction organization and management forms [1, 3–16]. At
the same time program-target management (project approach) allows to ensure real
progress, construction efficiency and competitiveness by significantly reducing the
construction duration and cost while increasing its quality and effectiveness. This is
possible under the conditions of advanced technical, technological, organizational
and other innovations systematic implementation. Today in the capital construction
and organization field of enterprise and other real estate development, it is necessary
to implement the realization of “turnkey” relevant unique projects and programs that
provide:

effective development of design solutions, solving all construction tasks and
obtaining the necessary competitive results under the project team unified leadership
based on project management standards;

creation of such teams on the basis of project-oriented, construction-investment,
engineering and development companies activity.

During the construction investment projects implementation and the project-
oriented construction organizations operation the following must be performed:

• marketing and other research that contributes to the work growth within the
enterprise national and international projects;

• scientific and technical research and design works to ensure continuous improve-
ment of applied engineering and technology in the implementation, operation and
further development of projects and their products;

• pre-project research and feasibility study of the main goals and directions of
enterprise various future projects and programs; their investment support expedi-
ency and efficiency; technical tasks preparation, projects and programs feasibility
studies and business plans, etc.;

• project activities planning;
• innovation, investment and other projects implementation;
• preparation and execution of source and permit documentation;
• providing a full range of engineering and other services;
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• schemes selection and finance forms, their implementation organization and
control, including financial flows control;

• preparation of agreements with design, survey and other organizations for their
involvement in the project documentation development and adjustment, as well
as for the author’s supervision implementation;

• projects development and provision with the necessary design and estimate
documentation;

• organization of production and technical equipment for projects;
• formation of subject or branch databases;
• selection of project participants on a competitive basis with the conclusion of the

contracts most effective types;
• construction and reconstruction organization, including preparation of sites,

manufacture, supply, installation, commissioning and facilities testing;
• production and transport logistics (material flow management with minimal

costs);
• work coordination of all project participants in a uniform technological mode for

the purpose of maximum final results achievement;
• providing project technical supervision and system quality management on the

basis of total quality management methods and the requirements of ISO 9001:
2000;

• project activities management during the projects and programs implementation;
• projects legal support;
• organization of delivery-acceptance and complex maintenance of project results

(construction objects);
• project products sales and other marketing services;
• solving current tasks with the authorities and the public;
• issues solution related to the company operation and further improvement,

including its production, economic, financial, commercial, innovative, foreign
economic and other areas;

• branded and lifelong service implementation of project results, participation in
their operation and improvement, etc.;

• leasing and other types of rent;
• modern standards development and implementation of professional activity and

effective project management, as well as other areas of enterprise operation.
• It is necessary to know and be able to apply the key principles of successful project

and program management and work organization of different categories of staff.
These principles should be grouped and considered in the following groups:

1. Project manager:

• must have information on all stakeholders;
• must have all the tools to motivate project participants;
• the main task of the head is to find contractors and determine work execution

ways;
• must be honest and objective;
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• positive experience of cooperation with the same specialists should be used
in the implementation of future projects and programs;

• must be responsible, decisive and proactive;
• the the project manager work is temporary and limited by the project

requirements;
• must be able to identify the causes of the problem and quickly propose a

solution;
• project activities, as a rule, require skills to quickly make an effective

(rational) decision (manage change). However, in any case, time should be
allocated to identify risks and to develop a management plan;

• should be result-oriented, including when he does not know how to achieve
it;

• key qualities in project management are competence, diligence and intuition.
However, it should be borne in mind that not all successful managers are
competent, just as not all managers who have had a bad work experience are
incompetent;

• should take into account the views of all stakeholders and the project team,
and if necessary - bring controversial views for general discussion;

• the project manager exercises his powers and performs his / her functional
duties personally and, if necessary, delegates them to the team members;

• the project success mainly depends on the professionalism, effective inter-
action and mutual trust of team members.

2. Project initiation is one of the defining processes at the first stage of pre-project
research and justification, so it must first perform a preliminary planning of all
actions and activities, which will avoid many problems in the future.

3. Communications construction in the project should take into account the
following principles for their implementation:

• project development in an undesirable direction can be prevented if manager
interacts effectively with all stakeholders (even with those whose role
in decision-making is insignificant). Therefore, a successful joint activity
requires an effective communication system and a system of anti-risk
measures. While in the communications center, the project manager must
notify all stakeholders of changes in the project (or program);

• negotiations – one of the most effective tools to identify the wishes and
requirements of stakeholders, analyze and resolve the problem in a timely
manner, successfully, with minimal damage to any interests;

• in order to achieve maximummutual understanding, it is necessary to ensure
a common vision of the problem by all project participants and create a single
terminology base;

• a modern manager must have the basic computer-integrated tools, methods
and tools of project management, be a highly qualified and competent
specialist.
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4. Project (or program) staff:

• it is expedient for the manager to control the staff duties performance;
• to achieve successful project “turnkey” implementation is possible only if

the unity of the leader, staff, the project purpose;
• the role of project documentation should not be underestimated and overes-

timated: highly qualified specialists who are able to increase the efficiency
of project implementation are the most valuable human resource;

• the manager needs to know the staff advantages and disadvantages, as the
human factor significantly affects the implementation process and results;

• if staff overloaded, then in the future the work efficiency, as a rule, decreases
rapidly. Therefore, care must be taken to ensure that project team staff have
sufficient time to rest;

• it is necessary to control the works performance order: if to devote most of
the time to secondary tasks, the main (“critical”) works and tasks will not be
performed in due time;

• the manager can discuss the problems that arise during the project with the
team members directly performing the work - in order not only to find the
optimal solution to the problem, but also to achieve a deeper understanding;

• all team members should participate in the discussion of situations;
• staff working time should be valued and therefore the project team should

not be distracted from performing optional tasks.

5. Preparation of reports and their analytical processing:

• any project usually includes a list of standard reports and a list of officials
reviewing them;

• the responsibilities of the project manager include the preparation of
analytical information on the presentation and project reports;

• the project manager must respect the team members;
• the reporting system and form should be developed in advance, taking into

account the requirements of all project stakeholders;
• when preparing reports and analytical data, the project manager should take

into account not only statistical information and project indicators, but also
assess the possible development of certain trends in the course of the project;

• The project manager must constantly receive updated information on the
results of the work and the progress of the project;

• in order to save time and resources, it is advisable to reduce the number of
documents to a minimum.

6. Contracts and contractors:

• before hiring a contractor, the project manager must make sure that he is able
to perform the work efficiently, on time and within the agreed budget;

• contracts payment - a tool that allows you to discipline both the contractor
(subcontractor) and the customer (government and other authorities,
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investors, business, owner, etc.). This tool is based on the charter and
status of the project, and also takes into account the qualifications of its
managers. To assess the status of the contract it is necessary to use a system
of evaluation indicators of its implementation within the project. When
the system of contracts performance evaluation does not correspond to the
project evaluation system, senior management is obliged to find out why this
happens;

• one of the main manager tasks is to motivate staff to create a high quality
product - the result of the project;

• the project manager should be extremely objective. If stakeholders express
opposing views, only one that will help improve project implementation
should be taken;

• keep in mind that the contractor may put pressure on the team;
• in order for the interaction with the contractor to be effective, it is necessary

to control its activities and results.

7. Project manager:

• the first signs of problems in the field of engineering are non-compliance
with deadlines and excess costs. Engineering (design, research) unit, as a
rule, seeks to constantly improve the product (project results), which can
increase the time and cost of its creation, while the project manager aims to
perform it within the specified time limits within the criteria specified by the
customer quality. This leads to permanent conflicts that need to be resolved
by the project manager;

• if changes in project areas pose risks to research, research units may slow
down project progress, require additional funding, and generate conflicts in
the project. The manager should take these factors into account.

8. Hardware:

• if the functional and technological requirements, as well as the external
project environments differ from the previous ones, it is necessary to analyze
the need to replace or update hardware or software;

• at the design stage, the project manager should provide additional time and
budget to resolve inconsistencies related to the placement, installation, and
operation of the hardware and software.

9. Computer and software:

• today a prerequisite for the project successful implementation is the use of
modern technologies, primarily - information;

• it is necessary to understand that a new, more diverse version of a product is
not always more reliable, and therefore should return to the previous version
in case of failure;
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• new knowledge in the project may be limited or based on erroneous initial
data. Therefore, when developing a strategy, an important place is occupied
by intuition and professional knowledge of the project manager.

10. Leading managers, program managers and senior management:

• the teamand the projectmanagermust be informed in time about the reasons
for making certain decisions;

• the manager makes decisions and is responsible for them, so this deci-
sion should be clearly implemented, even when subordinates consider them
wrong. Everyone must make an effort to achieve a positive result;

• project and program managers must act as one team. The program
manager should interact with the senior management of the decision-
making organization and lobby the interests of each project included in
the program.

11. Project planning, budgeting and evaluation:

• because the decision maker at the program level and above can influence
external project stakeholders, the project manager must have an effective
relationship with him;

• during the project implementation it is necessary to manage resources, not
to exceed the budget, to implement the work schedule in a timely and high-
quality manner, to control the main indicators, financing plans, volume
development curve;

• when developing a work schedule, the project manager must provide
sufficient time in case of unforeseen problems;

• the project manager and his team must understand that when the project
has a fixed price, it is undesirable to change the completion date;

• The capabilities of the project team as well as stakeholder teams need to be
realistically assessed. In case of unforeseen situations, the project manager
can ask for help from any team of stakeholders (or vice versa, they must
offer their help);

• The project manager and other stakeholders should not hide information
about the results of the project. The stakeholder, as well as the project
manager, will be able to make a rational decision if he is aware of the whole
real situation.

12. Regulations of business processes:

• in order to develop business process regulations (work structure, calendar,
resource and organizational plans, etc.) for each project participant, it is
necessary to analyze their activities and participation in project manage-
ment, as well as reflect changes in the structure and composition of func-
tional responsibilities in accordance with project plans and job descriptions
(performance standards).
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13. Decision making:

• the manager must understand that sometimes it is better to make any
decision, even a wrong one, but timely, than absolutely correct, but too
late;

• it should be borne in mind that in some cases the inaction of one of the
stakeholders may contribute to the resolution of situations by other parties;

• the project manager should analyze the problems and situations that arise,
eliminate the consequences and prevent the causes of their occurrence in
the future.

14. Professional ethics and behavior:

• the project manager must approve ethical norms and codes of conduct at
the level of the project team, and project team must implement and develop
them;

• the project management standards in force in the project must be met in
a quality, timely and complete manner by all team members and project
participants.

15. Project management and working group:

• project manager delegates to his subordinates to perform certain powers and
tasks. It should be understood that the quality of the final result has a higher
priority than the unquestioning implementation of the project schedule;

• The project manager must take into account that the team is able to draw
the right conclusions, even if the input parameters of the project were
incomplete.

16. Discussion and prevention of failures:

• in case of negative trends, the project manager should determine at what
stages mistakes were made, establish the preconditions and causes of the
problem to avoid similar situations in the future;

• project failures should be seen as new experience from which conclusions
can be drawn for the successful implementation of subsequent projects;

• the manager should take into account previous mistakes and develop risk
response scenarios and alternative solutions to possible problems;

• the project manager should improve the team’s skills in project manage-
ment in the use of knowledge and experience of previous projects, risk
management and communication with stakeholders;

• there is no single unified solution to the problem: the project is considered
as a unique process, and therefore the solution of the problem in different
projects is also unique;

• Instead of looking for excuses for problems, the project manager and his
team should develop a plan to solve them.
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The above principles of successful project and program management, based on
many years of global experience in project management, should be applied in project
and program management processes implemented by a construction company that
seeks to continuously develop and gain competitive advantage.

3 Conclusions

The experience of the leading project-oriented construction and investment enter-
prises of the world, which in the construction of buildings, structures, various unique
objects use the standards of project management, shows that they can get: business
project total duration reduction by 10–15%, including number in its active investment
part by 15–25%; labor intensity reduction by 10–25%; operating costs reduction by
20–25%; whole project total cost reduction by 10–15% [1, 3, 8–12]. Therefore, the
application of the proposals and recommendations presented in this paper should
not only facilitate the transition of Ukrainian construction companies to construction
managementworld standards, but also ensure their development and competitiveness.
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Classification of Self-stressed
Steel-Concrete Composite Structures

Oleksandr Semko and Anton Hasenko

Abstract The essence of building structures preliminary stressing is the creation of
internal stresses in them, opposite to those that arise during operation. The creating
of initial stresses in building structures from their own weight greatly simplifies the
pre-stressing process due to the unnecessary spending on additional measures and
adaptations. Preliminary stresses in this case can be created due to the well-chosen
nodes sizes and the development of technology for building structures preliminary
assembly. In this sense, the term“self-stress” is used in thiswork.As is known, steel—
concrete composite structures are made of successfully combined steel mainly rod
elements and monolithic concrete. The creation of pre-compression of concrete in
steel—concrete composite structures will have a positive effect on increasing their
overall load-bearing capacity. In this work the classification of self-stressed steel—
concrete composite structures depending on the method of pre-stresses creating
in them and the type of deformed state on which these structures will work in
the frame of the building. Preliminary self-stresses in steel—concrete composite
structures can be created by the following measures: using the stressing cement
for concrete mortar preparation, prediction of constructive measures for additional
compactionof fresh concretemortar (centrifugation) or for the hardened concrete pre-
compression, constructive tension of the external reinforcement (sprung), changing
the cross section geometric characteristics or the design scheme of the elements
work in the manufacturing process, specially developed step-by-step technology of
constructions manufacturing.

Keywords Steel-reinforced concrete structures · Self- stressed

1 Introduction

Steel-reinforced concrete is one of the effective types of complex structural elements
[1]. It is known that it combines rolled steel profiles with reinforced by rods concrete
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[2]. Such structures are created both during the new design and during the rein-
forced concrete structures strengthening with rolled steel and metal structures - with
concreting [3]. However, during strengthening, the issue of the existing structure
and reinforcement elements joint operation ensuring, that is the creation of pre-
stresses in the reinforcement elements is relevant. Increasing the crack resistance
of concrete in such composite structures is also an urgent issue [4, 5]. The creation
of pre-compression of concrete in steel—concrete composite structures will have a
positive effect on increasing their overall load-bearing capacity. One of the reinforced
concrete using advantages is the possibility of creating inseparable statically inde-
terminate design schemes [6]. This advantage allows to regulate their stress—strain
state, to increase load-bearing capacity and rigidity and, as a result, to save materials.

2 Analysis of Recent Research and Publications

The essence of building structures preliminary stressing is the creation of internal
stresses in them, opposite to those that arise during operation [7]. By means of
pre-stressing constructions rigidity is reached which, in turn, increases the crack
resistance of reinforced concrete structures.Due to this, it is possible to use composite
structures materials work more efficiently and to reduce their material consumption.
The creating of initial stresses in building structures from their own weight greatly
simplifies the pre-stressing process due to the unnecessary spending on additional
measures and adaptations. Preliminary stresses in this case can be created due to the
well-chosen nodes sizes and the development of technology for building structures
preliminary assembly. In this sense, the term “self-stress” is used in this work.

Constructive schemes of buildings and structures are optimized in order to create
a planar (not spatial) scheme of its elements work [8, 9]. However, due to uneven
loading and random eccentricities, it is not always possible to avoid the structural
elements work on complex types of deformations. Therefore, quite often rod struc-
tures count on such combined types of deformations as bending compression, oblique
bending, torsional bending, and so on [10–13]. With the pre-stress help it is possible
tominimize the number of types for which the designed structure will work or at least
to reduce the impact of a particular type of deformation on its overall load-bearing
capacity. The scientific developments of the authors of the article are also a further
development of the research of leading scientists Storozhenko L. [2], Pavlikov A.
[8–10], Kochkarev D. [5, 6, 10], Azizov T. [4–6], Piskunov V. [14, 15] and other
[16].
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3 Formulating of the Article’s Goals

The purpose of the work is to create a general classification of self-stressed steel—
concrete composite structures depending on the used constructive and technological
manufacture measures and the order of the composite structures components stress.

4 The Main Material with the Justification of New
Scientific Results

Based on the analysis of existing experience in the design, construction and
operation of self-stressed steel-reinforced concrete structures, Fig. 1. Self-stressed
steel—concrete composite structures classification scheme. shows the classification
depending on the type of their deformed state.

Figure 2 shows the classification of the self-stressed structures shown in the
previous figure only depending on the used constructive and technological manu-
facture measures and the order of the composite structures components stress. These
include using the stressing cement for concrete mortar preparation, prediction of
constructive measures for additional compaction of fresh concrete mortar (centrifu-
gation) or for the hardened concrete pre-compression, constructive tension of the
external reinforcement (sprung), changing the cross section geometric characteris-
tics or the design schemeof the elementswork in themanufacturing process, specially
developed step-by-step technology of constructions manufacturing.

Described constructive and technological manufacture measures and steel—
concrete composite structures components pre-stressing order allow to eliminate
certain shortcomings of such constructions. In particular, the concrete compaction in
the pipe by centrifugation, which is widely used in manufacture of steel—concrete
composite structures with round cross section, allows to simplify the technology of
laying concrete in a long pipe, to increase the concrete strength compared to conven-
tional vibrating concrete, to create a cavity in the concrete core, which can be in
the center of the section or shifted in any direction which is of great importance
when elements work on the eccentric compression or bending, and to reduce the
construction weight [2].

Pre-stressing of steel structures concrete core or steel holder of reinforced concrete
strengthening structures allows immediately include the strengthening elements in
the work of damaged structure. That is, the formed steel—concrete composite struc-
tures have pre-stresses in the strengthening elements, which reduce the stresses in
the existing part of the building element.

In order to ensure rigidity in its own plane of the buildings transverse frames
arrange struts between the racks and overlapping crossbars. In this case, the overlap-
ping can be arranged as a monolithic reinforced concrete over the steel overlapping
crossbars. Regulating the struts rigidity and the scheme of their establishment it can
be easily regulated themeaning and sign of tension at the overlapping crossbar. This is
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SELF-STRESSED STEEL-REINFORCED CONCRETE STRUCTURES:

1) working on compression:

а) pipe concrete with a concrete core on stressing cement:

– with shell from steel pipes [17 – 19];

– with shell from fiberglass pipes [17];

b) centrifuged pipe concrete [20 – 21];

c) pipe concrete with compressed core and cut by deformation seams 
into separate sections with an outer steel shell [22];

d)
pipe concrete with compressed by jacks concrete core, formed during 
the strengthening of steel structures and the inclusion of the core in
the work [23];

e) pipe concrete with strained shell (double shell);

2) working on bend:

2.1) solid cross section:

а) steel-reinforced concrete beams with external tape fittings [24];

b) reinforced concrete beams reinforced with a lever-rod system 
[25];

c) steel-reinforced concrete beams with local tension:

– by sprengel [26];

– of support sticks (construction of continuous beams) [27];

– as a result of strengthening [28];

d) precast-monolithic steel-reinforced concrete beams loaded 
through the stages of production (concreting) [29];

2.2) through cross section (spatial):

а) structural cable-stayed steel-reinforced concrete constructions
[30 – 33];

b) combined rod constructions on intermediate elastic supports [34];

c) transport construction objects [35 – 36];

d) steel-reinforced concrete structures of a covering with pre-
stressing from own weight [37 – 38].

Fig. 1 Self-stressed steel—concrete composite structures classification scheme
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SELF-STRESSED STEEL-REINFORCED CONCRETE STRUCTURES:

1) creation of preliminary stresses in concrete:
а) self-straining concrete (cement):

– with shell from steel pipes [17 – 19];
– with shell from fiberglass pipes [17];
– centrifuged pipe concrete [20 – 21];

b) artificial (mechanical) stress of concrete:

– pipe concrete with compressed core and cut by deformation 
seams into separate sections with an outer steel shell [22];

–
pipe concrete with compressed by jacks concrete core, formed 
during the strengthening of steel structures and the inclusion of 
the core in the work [23];

2) creation of preliminary stresses by steel reinforcement:
a) pipe concrete with strained shell (double shell);
b) reinforced concrete beams reinforced with a lever-rod system [25];
c) steel-reinforced concrete beams with local tension by sprengel [26];

d) structural cable-stayed steel-reinforced concrete constructions [30 –
33];

e) transport construction objects [35 – 36];

3) creation of preliminary stresses due to change of geometrical characteristics 
of the cross-section:
a) steel-reinforced concrete beams with external tape fittings [24];

b) steel-reinforced concrete beams with local tension as a result of
strengthening [28];

4) creation of preliminary stresses due to manufacturing technology:

a) precast-monolithic steel-reinforced concrete beams loaded through 
the stages of production (concreting) [29];

b) steel-reinforced concrete beams with local tension of support sticks 
(construction of continuous beams) [27];

5) stress regulation by changing the design scheme of the element:
a) combined rod constructions on intermediate elastic supports [34];

b) steel-reinforced concrete structures of a covering with pre-stressing 
from own weight [37 – 38];

c) adjustment of efforts on length of an element [39].

Fig. 2 Classification of the self-stressed steel—concrete composite structures depending on the
used constructive and technological manufacture measures and the order of components stress
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the skill of obtaining a cost-effective construction. In [39] it is proved that the optimal
angle of the struts inclination relative to the vertical in terms of internal forces in the
strut is equal to 40…50°. That is, the design moments on the middle supports of the
floor beam can be reduced by using a frame-struts scheme of the transverse building
frame. In this case, it is possible to achieve a diagram of along the beam length with
four calculated sections instead of two. That is to align the values of the span and
support moments by aligning the steps of the crossbar supports “rack-strut-rack”
installation.

The change of internal efforts in cross sections of constructions depends on
supporting and span moments due to the support nodes design (height). As the
shoulder of the inner pair of forces of the support nodes increases, the supporting
moment increases, and the span moment decreases.

With the help of the possible self-stress measures of the components of steel—
concrete composite structures presented in Fig. 2, it is possible to optimize the scheme
of their joint work, increase the bearing capacity and reduce material costs for the
manufacture of steel—concrete composite structures.

5 Conclusion

The redistribution of forces in self-stressed steel—concrete composite structures,
which occurs at the stages of theirmanufacture, installation and operation, allows you
to adjust within the specified allowable limits of internal forces in the cross sections
at all specified stages of these structures work. However, appropriate constructive
measures should be taken to ensure the adequacy of the design schemes adopted
during the planning to the real operating conditions of the designed structures.
Rational constructions of nodes have a special influence on fulfillment of this
condition.
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Study of Structural-Sorption Properties
of Materials Made on the Basis
of Clay-Ultradispers Additional Mixture

Irada Shirinzade , Bulud Baghirov , and Olena Mykhailovska

Abstract The article is devoted to the research of structural and sorption properties
of thematerial obtained on the basis of a mixture of clay and ultradispersed additives.
For this purpose, one of the most common methods of regulating hydrophilicity
was considered to be the use of surface-active additives. To determine the sorption
capacity of the ceramic mass, both hydraulic clays, which are widely used in the
building ceramics industry, andbentonite clayswith high sorption capacitywere used.
According to the experiments, the use of surface-active additives led to an increase
in the adsorption of water by the ceramic mass. The influence of increased water
adsorption on the properties of the ceramic material was determined experimentally.
Since the properties of ceramic materials, such as absorption and density, reflect
their structure, the effect of surface-active additives on these properties was studied,
and it was determined that the density of the ceramic material increased significantly.
Surface-active additives increase the plasticity of the ceramicmass and, consequently,
improve the structural and technical properties of the material.

Keywords Clay · Surface active substance · Sorption · Ceramic mass ·
Ultradispersed additives ·Water adsorption

1 Introduction

Ceramic materials with high ecological and physicomechanical properties have been
widely used in construction at all times and are still being used. At present, one of
the main conditions for the production of durable ceramic material is the ability
to make scientific predictions through an in-depth study of the physical and chem-
ical processes occurring in the production of local raw materials. The experience
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of foreign manufacturers with extensive experience in the production of building
ceramics shows that it is impossible to organize production at a high level without
studying the composition and properties of polymineral raw materials, physical and
chemical processes occurring during the preparation of raw materials [1–5].

The structuring of ceramic materials obtained from low-melting clay, widespread
in nature, can be influenced by various factors. In such systems, learning the factors
affecting structuring is always a challenge and one of the areas that still need research.

In the production of building ceramics, mainly hydraulic clays (Fig. 1) are used, in
some cases (in the production of ceramic slabs with internal cladding) kaolins. In the
production of building ceramics, mainly hydraulic clays are used as raw materials,
and in some cases (in the production of inner lining ceramic tiles) kaolin. Both types
of clay are known to swell very slightly. Water in clay minerals is of three types [6,
7]: physically-bound water, physicochemically bound water, and chemically bound
water. Physicochemically bound water is also called adsorption water. This water
differs from free water for its viscosity and structure. Water around clay minerals
is always in the form of charged water molecules, which is adsorption water. The
maximum plasticity of the ceramic mass is provided when the hydrated layers are
composed of particles (clay particles and water molecules) through a sufficiently
strong bond [6].

One of the most common methods of regulating hydrophilicity in such systems is
the use of surface active additives. Surface-active additives also significantly improve
the molding properties of the ceramic mass. The use of surface-active additives
improves the deposition of water molecules of solid particles on their surface, which
increases the sorption capacity of clays.

Fig. 1 General view of the
clay sample
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2 Main Part

2.1 Purpose of the Article

The main purpose of the study is to investigate the improvement of the adsorption
capacity of ceramic masses based on light clays and ultradispersed additives using
surface-active additives.

2.2 Methods

In the course of the study, the adsorption capacity of the ceramic mass was evaluated
by determining the number of adsorbed water molecules. This was done by the
calorimetricmethod [9]. The effect of surface-active substances species and additives
on the hydrophilicity of monomineral clays, as well as polymineral pres-powders has
been studied by determining the heat spent on wetting of mineral powder amount
[10, 11].

The amount of heat used for wetting was studied by differential microcalorimetry
using a Beckmann thermometer. The thermometer records the temperature change
in the system when the powder-like materials are soaked with water. The amount of
heat used for wetting is determined by the following formula:

�H = (tk − th) · K
/
m

here, �H - the amount of heat spent on wetting, kC/kg;
tk and th - temperature of the Beckmann thermometer when wetting water with

dust, ºC;
K - coefficient of Beckmann thermometer (285,44);
m - weight of tested material in dry state, g.
Influence of the amount of heat consumed for the specified wetting on the amount

of chemically bound water (A,%) is calculated by the following formula:

A = (Qis.m · ρ · h/q) · 100%

ρhere, Qis.m - Amount of heat used to wet 1 g of solid phase, C/g;
ρ - density of chemically bound water, (1,2 – 1,3)·106 g/m3;
h - chemically bound water thickness, 2,7·10–10 m;
q - full surface energy of “water–vapor”, 0,116 C/m2.
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3 Results

To determine the adsorption capacity of the ceramic mass used a mixture based on
the clay Ashaghy Guzdek and ultradispersed metakaolin. This type of clay is the
most widely used in the production of ceramic materials. Dash-Salahly bentonite
clays with high sorption capacity were also used for comparison. The results are
presented in Table 1, Table 2, and Table 3. From the results it can be seen that the
amount of adsorption water of ordinary clays is 2 times lower than the amount of
adsorption water of bentonite clays.

The next step was to study the effect of the type and amount of additives on the
sorption properties of the mass prepared on the basis of a mixture of clay and clay-
ultradisperse mixtures. Test results were presented in Table 1, Table 2 and Table 3.
During the study of the sorption properties of these systems as chemical additives
were used POZZOLITH 42 CF and C-3.

The technological properties of the Ashaghy Guzdek clay and ceramic mass
consisting of a mixture of this clay and metakaolin, with the addition of surface
active additives and without adding surfactant, were studied and it was found that
the surface-active additive improves the properties of the mixture (Table 4).

As can be seen from Table 1 and Table 3, the highest value of water adsorption in
the mixture of ceramic mass prepared using a mixture of clay and clay-ultradisperse
additives and surface-active additives was obtained in the amount of 0.5% surfac-
tant (surface-active additive). Therefore, 0.5% surface-active additive was used to
determine the technological properties of the ceramic mass.

Table 1 Influence of type and quantity of surface-active additives on sorption properties of clay

Composition of samples
(amount of additive by mass,
%)

The amount of heat released
during wetting, �H, C/q

Amount of adsorption water,
A,% (by mass)

Clay Ashaghy Guzdek + water 21.7 6.6

Clay Ashaghy Guzdek + water
+ POZZOLITH 42 CF (0.3)

34.7 10.5

Clay Ashaghy Guzdek + water
+ POZZOLITH 42 CF (0.5)

38.9 11.8

Clay Ashaghy Guzdek + water
+ POZZOLITH 42 CF (0.7)

33.6 10.2

Clay Ashaghy Guzdek + water
+ C-3 (0.3)

30.6 9.2

Clay Ashaghy Guzdek + water
+ C-3 (0.5)

34.2 10.3

Clay Ashaghy Guzdek + water
+ C-3 (0.7)

29.1 8.8
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Table 2 The influence of the type and amount of surface-active additives on the sorption properties
of bentonite clay Dash-Salahly

Composition of samples
(amount of additive by mass,
%)

The amount of heat released
during wetting, �H, C/q

Amount of adsorption water,
A,% (by mass)

Bentonite clay + water 38.5 11.6

Bentonite clay + water +
POZZOLITH 42 CF (0.3)

35.0 10.6

Bentonite clay + water +
POZZOLITH 42 CF (0.5)

36.2 10.9

Bentonite clay + water +
POZZOLITH 42 CF (0.7)

33.4 10.1

Bentonite clay + water + C-3
(0.3)

30.9 9.3

Bentonite clay + water + C-3
(0.5)

29.5 8.9

Bentonite clay + water + C-3
(0.7)

29.5 8.9

Table 3 Influence of the type and amount of surface-active additives on the sorption properties of
the clay-ultradisperse mixture

Composition of samples
(amount of additive by mass,
%)

The amount of heat released
during wetting, �H, C/q

Amount of adsorption water,
A,% (by mass)

Clay-ultradisperse additive
mixture + water

18.9 5.7

Clay-ultradisperse additive
mixture + water +
POZZOLITH 42 CF (0.3)

25.3 7.6

Clay-ultradisperse additive
mixture + water +
POZZOLITH 42 CF (0.5)

27.8 8.4

Clay-ultradisperse additive
mixture + water +
POZZOLITH 42 CF (0.7)

25.6 7.7

Clay-ultradisperse additive
mixture + water + C-3 (0.3)

24.9 7.5

Clay-ultradisperse additive
mixture + water + C-3 (0.5)

26.8 8.1

Clay-ultradisperse additive
mixture + water + C-3 (0.7)

24.5 7.4
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Table 4 Ceramic indicators of clay

Combustion temperature, 0C Shrinkage during
burning, %

Moisture
absorption, %

Medium density,
g/sm3

Clay Clay + metakaolin +
POZZOLITH 42 CF
(0.5)

950 950 3.7 3.3 15.8 15.5 1.70 1.73

1000 1000 4.3 3.7 12.5 10.8 1.74 1.80

1050 1050 5.4 4.2 8.8 6.7 1.80 1,88

1100 1100 5,1 4,1 5,6 5,1 1,86 1,92

4 Discussion

As is known from the results of experiments, the use of surface active additive
increases the plasticity of clay minerals, which leads to an increase in density. Due to
the highmechanical strength and lowwater absorption of densely structuredmaterial,
its frost resistance will be even higher, which is one of the important factors in the
production of ceramic materials for exterior cladding.

As can be seen from Table 1, the water absorption of the samples decreases
with increasing temperature. When the temperature is increased by 150 0C, the
water absorption of samples consisting only of clay decreases by 13%, and the water
absorption decreases by 23%when using metakaolin additive. This indicates that the
softening additive material had a positive effect on the compaction of the additive
material.

The effective special surface is the surface taken up by adsorption water. The
results of the study show that the effective specific surface area of clay samples
of the Bina deposit increases by 0.5% of the surface active additive (from 10.5 to
11.8 cm2/g), and at higher values of the additive the effective specific surface area
begins to decrease.

In samples of Dash-Salahly bentonite clay, the effective specific surface area
changed very little, that is, from 10.6 to 10.9 cm2/g. As can be seen, in ordinary
kaolin-hydraulic clays this amount is greater. This is due to their activity. Hydraulic
clays are considered more active clays, and this property is very important in the
presented work. This is because the more active clay minerals are, the easier they
will interact with the oxides in the clay and lead to the formation of the structure of
ceramic materials.

5 Conclusions

Therefore, the experiments allow to conclude that the use of surface active additive in
the preparation of ceramic material with the addition of clay-ultradisperse materials
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can improve the efficiency of adjusting of the molding process and improve the
properties of the resulting material.
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Automated Measuring Station for Road
Structures Stamp Tests

Ivan Shuliak , Nadiya Pavlenko , Volodymyr Ilchenko ,
and Akif Gasimov

Abstract A research prototype of a measuring station was developed and created.
It is a set of test equipment integrated into a single automated complex for the
rapid determination of road structures and their layers deformation characteristics
during stamp tests. This excludes the operator’s manual work and increases tests
productivity. At the same time, any truck or road vehicle may be used to create
a load. A measuring unit with installed specific software is used for measurement
results registration and processing.

Keywords Road construction · Elastic deflection · Static stamp tests · Automated
measuring station ·Modulus of elasticity

1 Introduction

One of the most objective road structures condition and their layers assessment
methods is stamp tests, in which the load is transmitted through a rigid stamp, and the
vertical deformation (full or elastic) is measured before or after the load is removed.
The deformationmodulus or the elasticmodulus, which are themain indicators of the
layer or road structure deformability is located at a certain full or elastic deflection.

At the operation stage, it is advisable to use stamp tests in layer-by-layer tests
in order to determine the destruction causes of the road structure. The reason may
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be insufficient bearing capacity of the soil base or road surface structural layers,
including pavement layers.

During the overhaul and roads reconstruction, it is also necessary to perform stamp
tests to make reasoned project decisions.

However, in Ukraine these tests are rarely used in practice, as they require signif-
icant time and are associated with manual labor when creating a load. At the same
time, the tools and devices development level for such tests lags significantly behind
the level of similar devices developed abroad.

2 Defining the Problem

Static stamping tests consist in loading the stamp mounted on the road structure
surface and measuring the surface coating vertical deformation depending on the
applied load magnitude.

These tests give the most objective results in determining the road structures
deformation characteristics, as the load scheme complieswith the calculation scheme
used by J. Businescu in solving the problem of stress–strain state of the half-space
under the action of force applied to its surface and evenly distributed on the pressure
stamp surface [1].

In most cases, a round rigid stamp and a hydraulic jack are used for stamp
tests, and the stamp settling is measured by displacement indicators mounted on
the deflectometer (Fig. 1 a, b) [2, 3].

The disadvantages of this measuring equipment are low tests performance due to
the need to use the operator’s manual labor when creating a load on the stamp with
a manual hydraulic jack.

In addition, the considerable weight and bulkiness of the equipment create addi-
tional inconveniences while moving the equipment elements from one test site to
another and during their installation.

)b)a

Fig. 1 Measuring equipment for static stamp tests: a NTU stamp equipment; b SNPTs «ROS-
DORTECH» press-stamp PSH-050
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Fig. 2 NTU hinged equipment on a motor grader (photo Ivan Shuliak 2016): 1 – bracket; 2 –
hydraulic cylinder; 3 – grubber frame; 4 – hydraulic distributor; 5 – control lever; 6 – hydraulic
hoses; 7 – rigid stamp; 8 – base of the hydraulic load meter; 9 – manometer; 10 – throttle valve; 11
– mounting handles; 12 – rod tip of the hydraulic cylinder

During the test specifically on the road, there is a risk that the operator gets under
the wheels of road construction equipment or moving transport.

NTU has developed a hinged equipment for a motor grader (Fig. 2), designed
to create a calculated load during stamp tests of road surface layers and soil bases,
which is devoid of many these shortcomings [4, 5].

But at the same time it requires a connection to themotor grader hydraulic system,
i.e. it is focused on the use of road machinery certain types.

The aim of this study is to improve the method of road structures static stamp
tests in the roads diagnosis by increasing its productivity, accuracy, informativeness
and safety.

3 Research Results

The road structures and their layers stamp tests measuring station has been developed
in the National Transport University to achieve the goal [6–13].
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A station is a complicated measuring instrument, which is a set of test equipment
combined into a single automated complex for the rapid determination of the road
structures and their layers deformation characteristics during stamp tests.

The station includes: pump station; pump station control panel; stamp with
hydraulic cylinder and pressure sensor; lever-holding mechanism; lever-holding
mechanism control unit; deflectometer; measuring unit.

A general view of the measuring station mounted on the basic car “GAZelle” is
shown in Fig. 3.

The measuring station also performs:

– an ambient temperature determination;
– a determination of the surface temperature of the structural layer under test;
– determination of measurements place current geographical coordinates;
– geospatial binding of the obtained results.

Technical characteristics of the station are given in Table 1.
A force created by the oil pressure in a hydraulic cylinder connected to a pump

station, an autonomous controlled source of oil pressure, is applied to the pavement

Fig. 3 General form of the measuring station mounted on the basic car “GAZelle” (photo Ivan
Shuliak 2016) 1 – pumping station; 2 – hydraulic pump; 3 – engine; 4 – a stamp with the hydraulic
cylinder; 5 – lever-holding mechanism; 6 – deflectometer; 7 – basic car; 8 – loading means; 9
– mounting bracket; 10 – grip of the lever-holding mechanism
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Table 1 Technical
characteristics of the
measuring station for road
structures and their layers
stamp tests

Parameter Value

Weight, kg 80 ± 0,5

Overall dimensions:

- height, mm 500

- width, mm 400

- length, mm 1600

Stamp diameter, mm 300

Absolute load measurement error, % 5

Maximum load on stamp, kN 100

Displacement measurement error, mm 0,0025

Operating temperature, °C From + 5 to + 40

Maximum relative humidity, % 95

Required power supplies:

- alternating current (power plant),
V/kW

220/1,0

- direct current, V/A 12/0,5

Storage temperature, °C
(PC is stored at a temperature of +10
to +35 °C)

From –10 to + 60

Service personnel, pers 2

Fig. 4 A pump station
remote control (photo Ivan
Shuliak 2016) (1 – force
creation button on stamp)

through a rigid stamp. Force measurement is carried out by registering the fluid pres-
sure in the power hydraulic system using a pressure sensor. This sensor is connected
to the hydraulic system in close proximity to the hydraulic cylinder, thus ensuring
high accuracy and stability of measurements.

The pump station is managed by the operator remotely, using a remote control
(Fig. 4), by pressing the function button which creates a force on the stamp, and
adjusts the load speed as well.
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Fig. 5 Control unit VUM (photo Ivan Shuliak 2016) (1 – tree-way crane; 2 – oil drane tap)

Fig. 6 Measuring unit
(photo Ivan Shuliak 2016) 1
– graphic display; 2
– keyboard; 3 – connector
for an external data carrier; 4
– power switch; 5 – system
connector

Meanwhile, to create a load, it it possible to use any truck or road vehicle that
could provide a load on the stamp of at least 7.5 Tf. Thus, dependence on a certain
type of road machinery is excluded.

The equipment is mounted on a vehicle. Transportation of equipment elements
from one test site to another and installation of a stamp in the test point is carried out
by means of the lever-holding mechanism. The presence in the latter of three lever
links with a lifting cylinder allows the operator to move and install at the measuring
point a heavy set of hydraulic cylinder with a stamp without much effort.

The control of the lever-holding mechanism and work of the lifting hydraulic
cylinder is carried out by means of the VUM control unit of (Fig. 5). It consists of
the three-way crane and the oil drane tap for effort removal on a stamp.
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The measuring unit (Fig. 6) is used for registration and processing of measure-
ments results. A special software is installed, and its operation algorithm is resulted
in Figs. 7, 8 and 9.
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Fig. 7 Operation algorithm of automated control system of measuring processes at the station
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Fig. 8 Operation algorithm of automated control system of measuring processes at the station
(continuation)
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Fig. 9 Operation algorithm of automated control system of measuring processes at the station (the
end)
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One of the main measuring unit features is the ability to display the measurement
results in text and graphical form on the display, with subsequent storage and export
of these results to an external non-volatile data carrier.

The deflectometer is a metal telescopic reference beam on three supports, the rear
of which has a vertically movable base and the other two on wheels. This allows the
operator to quickly and easily configure it for measurements.

4 Conclusions

The static stamp tests method has been improved due to the development of an auto-
mated measuring station, which combines test equipment into a single complex
mounted on a basic car and eliminates the need for operator manual operation,
provides multiple loads, and increases test performance by 5 times.

The research results are protected by a patent for the utility model in Ukraine [7],
and an improvedmethod of road structures testingwhen diagnosing roads is reflected
in the state standard DSTU B V.2.3 42:2016 [2].
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Research of Risks of Depressurization
of Steel Oil Pipelines

Olena Stepova , Elena Hanoshenko , Gulnar Feyziyeva ,
and Yuliia Chukhlib

Abstract Modern development of safety theory justifies the introduction into prac-
tice of providing the necessary parameters of the state of technical facilities, namely
pipelines and the environment, including operational conditions, climatic features
of areas, standardized parameters of risk and safety, based on reliability, strength,
resource, survivability. Based on mathematical model of electrochemical corrosion
of oil pipeline in the coating cavity under the aggressive affect of electrolyte envi-
ronment on the metal of the oil pipelines, the correlation has been found and studied,
which enables counting of the remaining depth pit of the corrosive oil pipeline wall
of macrogalvanic corrosive couples on the condition of aggressive liquid being in
the affected area. The advantage of the given model is an opportunity to predict
the development of corrosion progression over time irrespective of aggressive elec-
trolyte chemical composition, opportunity of the necessary design parameters for the
constructions that are operated.Correlationof section the assessment of the remaining
corrosion cavity of an oil pipeline has been developed which gives an opportunity
to rationally plan the repairs, predict the real terms of construction operating, recon-
sider the operation conditions etc. The given results enable valid assessment of the
loadbearing capacity of the construction that operate in the aggressive environment
with the defects.

Keywords Ecological safety · Oil pipeline · Corrosion · Pipe depressurization ·
Risk

1 Introduction

Ukraine has an extensive network of steel pipelines with a total length of almost
5,000 km, which are objects of increased danger in terms of modern environmental
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requirements. In case of their depressurization there are ecological risks of environ-
mental pollution due to leakage of oil products, possible fires, explosions, etc. One
of the negative factors that increase the environmental risks of emergencies related
to soil, water and air pollution is the corrosion of steel oil pipelines. Understanding
the patterns of such processes and taking them into account is a scientific basis for
determining the residual life of steel oil pipelines, as well as developing measures to
prevent increased risks of environmental pollution during their operation.

Modern development of safety theory justifies the introduction into practice of
providing the necessary parameters of the state of technical facilities, namely oil
pipelines and the environment, including taking into account operating conditions,
climatic features of areas, normalized risk and safety parameters, based on reliability,
strength, resource, survivability. A key factor in solving this problem should be the
use of the concept of riskmonitoring, based on continuous or periodic information on
the diagnosis of conditions and basic parameters of hazards in the operation of these
facilities. One of the conditions for safe operation, is the interconnected development
and use of a comprehensive system for diagnosing and monitoring the condition of
materials and structural elements in normal and emergencies, monitoring the risks
of their operation at all stages of the life cycle, and operation of protection systems
for accidents and disasters, as the risks go beyond acceptable approach them to the
limit [1–5].

Risks as an interdisciplinary scientific basis for assessing integrated safety,
including environmental, are based on laws, methods, equations and criteria
obtained in fundamental fields of knowledge—mathematics, physics, chemistry,
mechanics, computer science,mechanical engineering, biology, physiology, geology,
geophysics. atmospheric and ocean physics, geography, philosophy, sociology,
psychology, economics, law [3–5].

Generalized for the analysis of integrated risks are the developed theories of
systems analysis, control theories, theories of catastrophes and protection construc-
tions, methods of mathematical and simulation modeling, forecasting, mathematical
statistics, methods and systems of diagnostics and monitoring.

Therefore, the development of scientific bases for environmental safety of existing
steel oil pipelines, which take into account the features and patterns of their elec-
trochemical corrosion as a source of environmental pollution is an urgent problem,
the solution of which creates preconditions for reducing the risk of environmental
pollution during operation.

2 Aim and Objectives of the Research

The aimof thework is to develop amethodology for assessing the residual life of steel
pipelines and the risks of their depressurization under the influence of a corrosive
environment in compliance with the requirements of safe operation on the basis of
real characteristics. The following tasks are set to solve the goal:
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based on a mathematical model of local electrochemical corrosion of oil pipeline
steel and dependence, which allows to calculate the residual life of the pipeline in
the crack of the insulating coating during macro galvanic corrosion pairs to develop
a method for assessing the risks of depressurization of the pipeline;

to carry out verification calculations of strength characteristics and residual
resource of the section of the operated oil pipeline.

3 Materials and Methods of the Research

Risks (R) in safety theory are understood as such combinations of probabilities P (t) of
occurrence of adverse events in time (dangerous and crisis phenomena, catastrophic
and emergency situations), on the one hand, and mathematical expectation of the
losses caused by it U (t)—on the other hand, which determine the change in the
level of safety and the state of human protection systems, infrastructure and the
environment from threats and dangers of internal and external nature—man-made,
natural, anthropogenic.

R(t) = FR{P(t),U (t)}

As is known [4, 5], during the operation of the pipeline there is an accumulation
of damage along with a certain trajectory D (N, t, σ), which is determined by the
load parameters—the number of cycles N, the intensity σ, the defect l (Fig. 1).

To ensure safe operation of the structure instead of critical damages Dc, corre-
sponding to the achievement of limit states, using a system of reserve ratios in the
calculation can be introduced allowable damage [D]. Levels Dc and [D] divide the

Fig. 1 Trajectories of accumulation of damages in the course of operation of the oil pipeline
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area of safe operation and the area of limited safety and danger (risk). Monitoring
the parameters of the state of the object in these areas and is the basis for analyzing
the risks of the object in a particular state and the conditions of its transition between
them. The results of assessing the state of the object as shown in Fig. 1 scheme has
the form of a statistical function f and is not the final solution of the problem, which
also includes determining the time interval �t before the next examination of the
state of the object.

In the probabilistic estimation of the interval �t, the risk Rf of the possibility
of reaching the limit state should be accepted as a safety criterion. The assigned
interval �t must ensure the probability of possible destruction not higher than the
specified level [Rf] of risk. The magnitude of this risk should be determined taking
into account the nature (class) of the potential danger of the object. If we use recurrent
relations for the probability of transition of the object to the limit state Rf(t), we can
obtain an expression to estimate the optimal time until the next moment of the control
inspection of the object.

In the general case, there are twomain types of risk change scenarios R(t) in time t
(Fig. 2). The first includes scenarios for managing the safety of the analyzed facilities
in the normal operation of the oil pipeline section as a whole with a monotonous
increase in risks R(t) to acceptable levels [R(t)] at time [t] at point A on line 1. The
critical risks Ri(t) are not achieved. At this time, special measures are required to
reduce the current risks R(t) along with line 1 “to point C and further along line 1”,
when the risks for this system remain acceptable levels.

The second type includes scenarios in which there may be points of instability A
and B with a dangerous increase in risks on lines 2 and 3 to the critical point K at
time t = ti, and the value of R (t) in this case is equal to Ri (t). Points of instability in
the system may be the appearance of areas of local damage in the area of the pipe,

Fig. 2 Scenarios of change of risks R(t) in time t
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the emergence of external threats to its normal operation, unauthorized impact on
the object, etc.

The wall thickness of the pipeline is a determining parameter that characterizes its
strength. Although each pipe has its own certificate, it must be calculated on strength,
for which it is necessary to know the actual wall thickness, taking into account the
working pressure and the maximum allowable wall thickness at which there is no
depressurization of the pipeline with subsequent spillage of oil or oil products.

The allowable residual wall thickness of the oil pipeline corresponds to the
complete depletion of the resource of the structure. Radial, longitudinal and annular
strain act in the pipeline. Radial strain are much smaller in value than the ring and
longitudinal tension, so the strength calculations are not taken into account in the
test calculations.

Checking the strength of the pipeline is carried out by the known method of limit
states. Considered so strain state of the pipeline is considered, at which its further
operation is impossible. The first limit state is the bearing capacity (destruction of
the pipeline under the influence of internal pressure), the second is the maximum
allowable deformation. The characteristic of the bearing capacity of pipelines is the
temporary resistance of the metal of the pipes or the tensile strength.

For failure of the steel oil pipeline on bearing capacity the condition is accepted
when the strain from the design loads and influences on the investigated area in the
crack, exceeds the yield strength of tubular steel

σ > R (1)

where σ—longitudinal axial strain from design loads and influences, MPa;
Rs—the calculated resistance of the pipe material (yield strength).

The strength of the pipeline is ensured by calculating the strain arising in it during
operation and comparing it with the resistance of the pipe material R.

When determining the stress state of the pipeline to check the first limit state, the
strain that affect the destructive pressure are taken into account.

Check on the durability of underground pipelines for the purpose of an exception
of inadmissible deformations carry out proceeding from conditions.

[σnpN ] ≤ φ2R1, (2)

(3)

where
[
σnpN

]
—longitudinal axial strain from design loads and influences, MPa;

φ2—coefficient taking into account the biaxial strain state of the metal of the pipe
(at tensile strain is taken equal to 1);
R1, R2—calculated tensile strength (compression), MPa.
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R1 = Rn
1m

k1kn
, R2 = Rn

2m

k2kn
, (4)

m—coefficient of working conditions of the pipeline;
k1, k2—reliability coefficients for the pipeline material;
kn—reliability factor for the purpose of the pipeline.

The longitudinal axial stress measured at design load and impacts, taking into
account of resilient metal. For rectilinear sections of underground pipelines in the
absence of longitudinal and transverse displacements and subsidence of the soil, the
longitudinal axial strain from the influence of internal pressure, temperature drop
and elastic bending, MPa, are determined by the formula.

(5)

where p—working pressure, MPa;
—the inner diameter of the pipeline section, cm;

(6)

de δ—the nominal wall thickness of the pipeline section, cm;
α—coefficient of linear expansion of metal pipes, deg−1;
E—variable modulus of elasticity of the pipe material, MPa;
�t—calculated temperature difference, °C;
ρ—the minimum radius of elastic bending of the axis of the pipeline, cm.

The difference between the ultimate bearing capacity at the time of inspection
and the design force acting on the structure during operation creates a margin for
bearing capacity, which can be taken into account when calculating the residual life
of the structure, with the affected corrosion of the pipeline section, in cracks in the
insulation coating.

The calculation of the actual stresses occurring in the pipeline at the time of the
survey is performed by taking into account the reduction of the wall thickness of the
pipeline, which is entered into the calculation

�δ = δ − h, (7)

where �δ—the residual wall thickness of the oil pipeline on the site affected by
corrosion, mm;

h—depth of corrosion, mm;
The level of annular strain in the pipeline having corrosion lesions (Fig. 2) must

meet the condition [9]:
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(8)

—the inner diameter of the pipe, mm;
—allowable ring tension.

The allowable depth of corrosion of the pipe wall [h] is calculated by the formula

(9)

where —outer diameter of the pipeline, mm.
Since for pipes δ � D, formula (9) can be applied to cases of internal and external

corrosion. Formula (9) can be written as:

(10)

where [ε] = [h]
δ
—permissible relative thinning of the pipeline wall.

The actual absolute h (or relative ε) thinning of the wall must be less than the
allowable: h ≤ [h] (or ε ≤ [ε]).

Similarly, the test is performed on the longitudinal strain and the allowable depth
of corrosion is calculated.

According to the requirements for sections of oil pipelines having corrosive thin-
ning of pipewallswithin certain limits, the calculation of operating pressure is carried
out according to the formula:

(11)

where h—depth of corrosion of the oil pipeline wall, mm.
In addition, having the value of the allowable depth of pipeline corrosion section

of the oil pipeline and knowing the speed of the corrosion process, it is possible to
determine the residual life of the oil pipeline [6–8]

(12)

where [h]—allowable depth of corrosion of the pipeline section, mm, i—corrosion
rate on the investigated section of the pipeline, mm/year, —time of the pipeline in
these conditions, years.

Main oil pipelines are used in natural conditions, mainly, below the ground. For
protection of steel oil pipelines from aggressive attack of the environment, different
coatings are used as a rule. But in the process of operating wholeness of coatings is
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broken and the aggressive environment affects the steel of an oil pipeline. In such a
case the question of the remaining lifetime of the oil pipeline is very urgent. In the
below ground with the sectors, where the coating is broken, anode and cathode polar
characteristics of steel essentially change, and as a result, the potentials are steady
in these places. Taking into account that operating of an oil pipeline with sectors
where broken coating is connected with electrochemical corrosion of the metal of a
pipeline, when examining an oil pipeline, attention should be paid to determining of
characteristics of corrosive process. Electric potential of the given galvanic couples
is a universal indicator for calculating the expenses for metal damage in the cavity.

Coating, as capillary-porous material, is a conductor of 2-d type, that’s why the
process of steel corrosion in it is possible to consider from ordinary electrochemical
corrosion of metals in the electrolytes. The authors [10–15] consider the electrical
field near the heterogeneous electrode, model of which consists of 2 sectors of arbi-
trary width, which differ in steady potentials. Local corrosive element is in the sector
of oil pipeline under the coating (cathode) and sector of the pipeline in the cavity
under the electrolyte.

Electrical boundary of the electrical field potential is determined in this case on
the basis of the two-dimensional solution of Laplace’s equation.

φ(x, y) = a(Ea − EK ) + EK

c
+

∞∑

K=1

2(Ea − EK )

πk
(
1 + πk

c L
) sin

πk

c
a cos

πk

c
xe− πk

c y

= a(Ea − EK ) + EK

c
+ 2(Ea − EK )

π

∞∑

K=1

sin πk
c a(

1 + πk
c L

)
k
cos

πk

c
xe− πk

c y,

(13)

where ϕ—potential; a—width of anode selector,m;Ea, Ek—currentless potentials of
anode and cathode,mB; c—width of cathode selector,m; x, y—flow coordinates; k =
1, 2, 3;L— coefficient that depends on electroproductivity of electrolyte and coeffi-
cient of polarization,L—coefficient depending on the specific electrical conductivity
of the electrolyte and the polarization coefficient, L = γ ·b; γ—electric conductivity
of electrolyte; b—polarization efficiency.

Taking into account Ohm’s law in the differential form in the Eq. (1) expression
for determining current density on the surface of one local element is found out.

i(x) = 2(Ea − Ek)γ

c

∞∑

k=1

sin πka
c cos πkx

c

k(1 + πkL
c )

(14)

The proposed method of calculating the residual allowable wall thickness of the
oil pipeline as a parameter that determines the life of the pipe and its safe operation is
tested in assessing the condition of the section of the current state of pipeline under
the conditions listed in Table 1.

Thus, the operating pressure on the investigated section of the oil pipeline should
not exceed 8,17MPa.The results of calculations of the residual life of the oil pipeline
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Table 1 The results of the calculation of the residual resource

Parameter Marking Units of measurement Value

Output data

Outer diameter of the pipeline Dz mm 530

The wall thickness of the oil pipeline δ mm 9

The strength limit of the pipe material σ MPa

Working pressure in the oil pipeline p MPa 5,04

The potential difference of electroplating �E mB 0,06

The service life of the oil pipeline te year 15

The area of the corroded section a cm2 0,0024

Calculated values

Permissible ring tension σ MPa 363

Corrosion current of electroplating I A/cm2 0,88 × 10–4

The corrosion rate of electroplating iv mm/hour 3,17 × 10–5

The corrosion rate of electroplating iv mm/year 0,27

The estimated value of corrosion depth at
the time of inspection

h mm 4,05

The value of the allowable pressure at the
defect at the time of inspection

[p] MPa 8,17

The value of the allowable wall thickness [h] mm 5,37

Residual resource-1 T year 20,94–15 = 5,94

Residual resource-2 T year 19,88−15 = 4,88

according to the dependences proposed by the author coincide with the calculations
according to existing methods with a relative error of 17%.

The novelty of the research is the development of a calculation method for deter-
mining the depth and allowable depth of corrosion of a steel oil pipeline duringmacro
galvanic corrosion vapour under the influence of aggressive electrolytic solution, as
well as a method for calculating the residual life of its environmentally safe opera-
tion, which will allow predicting the development of corrosion processes on the steel
oil pipeline, to plan the necessary measures to prevent environmental pollution.

4 Conclusion

Based on mathematical model of electrochemical pipeline corrosion in the coating
cavity correlation is found out and researched which enables counting the remaining
lifetime of the oil pipeline of operatingmacrogalvanic corrosive couples in the condi-
tions of aggressive liquid in the damaged coating. The developed correlation enables
possibility of rational planning of the repairs, to predict the real terms of construction
operation, to reconsider operating regime etc. The results enable valid assessment
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of the loadbearing capacity and the remaining lifetime of the constructions with the
cavities in the coating that operate in the aggressive environment.

The results of calculations of the residual life of the oil pipeline according to
the dependences proposed by the author coincide with the calculations according to
existing methods with a relative error of 17%.

In order to reduce the likelihood of abnormal situations (with a corresponding
increase in risks of their implementation) and reduce possible losses from their
manifestation for potentially dangerous objects of the technosphere should be imple-
mented a set of measures that take into account the nature of sources of danger and
peculiarities of their manifestation, permissible modes of operation for each phase of
risk increase, the possibility of using means of reflecting threats based on the results
of comprehensive diagnostics and monitoring of the object.

To solve the problem of ensuring the safe operation of main oil pipelines, it is
advisable first of all to use a set of modern methods and means of monitoring the
parameters of these facilities and the environment in the considered conditions with
the widest possible range of changes (including outside regular modes), application
ofmonitoring systems and analysis of environmental data and possible external influ-
ences on the studied system, use of data bankswith sources of danger and scenarios of
emergency situations, criteria for their evaluation and methods of preventive action
to reflect emergencies according to the programmed teams of the risk monitoring
system.
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Abstract It is very important to Providing of housing to the population at affordable
prices in the developing countries. It should be noted that the concept of “reasonable
price” is differently stated in the experience of different countries of the world.
However, the fact that the cost of obtaining housing should not exceed 40–50% of
family income is a standard adopted in most countries. The Studies show that today
about 330 million families in developing and also in developed countries are faced
with the problem of obtaining quality housing at affordable prices, and this figure
is gradually increasing. Despite the fact that the number of apartments built in the
AzerbaijanRepublic, which is rapidly developing in the residential real estatemarket,
is quite large, it is impossible to purchase housing for the low-income population,
since the prices are very high. It also plays a role the high price of land in cities
and low mortgage lending. In investments in housing construction, the proportion
invested in land purchases is very high.
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1 Introduction

Providing the population with affordable housing is one of the key issues for
any country. All countries are trying to resolve this issue in accordance with the
socio-economic situation in the country. Some countries are trying to solve this
problem through low-interest mortgage lending. World practice shows that one of
the most effective ways to do this is to apply the project management method to the
organization of work on the implementation of housing construction projects.

It should be noted that the project is characterized by limitations and require-
ments for its duration, cost and quality. Analysis of international experience shows
that effective project management reduces the duration of their implementation by
an average of 20–30% and costs 10–15% [2]. In this article, we will examine the
issues of providing the population with “affordable” housing through the creation
of an effective organizational mechanism for the management of housing construc-
tion projects in Azerbaijan. These houses are called social houses because they are
accessible to low-income families in Azerbaijan.

2 Main Part

2.1 Purpose of the Article

The main purpose of the article is to study the activities of the State Agency for
Housing Construction (Azeri MIDA), established by the relevant decree of the Pres-
ident of the Republic of Azerbaijan, to provide the population with “affordable”
housing and to make recommendations for further expansion.

2.2 Research Methodology

Methodology is a system of principles and methods of organization and construction
of theoretical and practical activities, as well as the study of this system [4].

During the research, I am successfully implementing “affordable” housing
construction projects inAzerbaijan.Actualmaterials of the StateAgency forHousing
Construction, as well as a number of construction contractors performing large-scale
monolithic reinforced concrete works were used.

The research is based on a systematic approach, statistical methods, statis-
tical grouping, comparative analysis, business process theory, principles and design
methods.
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2.3 Results

It is very important Providing affordable housing to the population in developing
countries at affordable prices. It should be noted that the term “affordable prices” is
interpreted differently in the experience of different countries of the world. However,
the fact that the cost of obtaining housing should not exceed 40–50% of family
income is a standard adopted in most countries. According to statistics, today about
330 million families in developing and developed countries of the world are faced
with the problem of obtaining quality housing at affordable prices and this figure is
gradually increasing.

To obtain affordable prices for apartments under construction, it is especially
important to use themechanismof rationalmanagement at all stages, startingwith the
purchase of land, the design and implementation of construction. This fact was taken
into consideration when was established the State Agency for Housing Construction
under the President of the Republic of Azerbaijan by the order No. 858 dated April
11, 2016. The State agency for housing Construction for the development of the
housing fund of Azerbaijan is designing housing supply projects at affordable prices,
organizing the formation and implementation of the main mechanisms that create
conditions for the efficient operation of the housing market (state support, pooling
project resources, participation of private sectors and ensuring mortgage market
productivity).

In the international practice, the following four areas are taken into account to
reduce the cost of housing and provide the population with housing that meets the
standards:

• Identification and allocation of suitable land for housing at an affordable price;
• The application of the mechanism of state support in the provision of engineering

and communication systems and lines;
• Ensuring efficiency in the construction process;
• Selection of financing mechanisms and beneficiaries.

Since the cost of land constitutes a significant part of the cost of housing, and the
territory where the housing is located are the most influential factors for the quality
of housing and the standard of living, for housing agencies, the acquisition of land
in the territories at an affordable price is of exceptional importance. This problem is
solved by the executive on the most favorable terms. For the residential complex in
the Yasamal district, whose construction was completed, a land plot was allocated
in the most picturesque part of the city.

The new Residential Complex consists of 40 buildings, including 22 nine-storey
and 18 twelve-storey. In total, these buildings will consist of 2202 apartments, of
which160 are one-room, 114 are studio-type, 674 are two-room, 1128 are three-room,
126 are four-room. The area of the apartments will be 33–96 m2. All apartments will
be offered to residents completely renovated and equipped with kitchen furniture.
[5]. Prices for these apartments are shown below in the table (Table 1).
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Table 1 Prices for fully renovated and furnished apartments in a residential complex in theYasamal
district of Baku

Number of rooms
in the apartment

Type of repair The area around
the outer
perimeter (m2)

The area around
the inner
perimeter (m2)

Selling price,
AZN

1 1 40,52 33,1 31455

2 1 66,92 54,8 52060

3 1 81,64 69,51 66082

1 2 40,52 33,1 31455

2 2 66,92 54,65 51918

3 2 81,64 69,51 66035

The residential complex in theHovsan settlement of Surakhani region of theBaku,
also under construction, is located in the rapidly developing eastern part of Baku,
just 2 km from the coast of the Caspian Sea, in a very convenient place for living and
recreation. In the western part of the complex with an area of 20 ha there is a large
green area with pines and olive trees [5].

These zones have been allocated by the executive authority. It should be noted
that for this purpose, special attention should be paid to vacant and improperly used
land plots.

One of the essential factors necessary for determining the areas for construction is
the quality of the infrastructure in these areas, especially the transport lines. I should
note that both of the above complexes are very close to the main communications
and transport lines. Basically, in developed countries due to energy savings, housing
costs are reduced. In the United States and in the UK, 20–30% of energy costs were
saved due to housing requirements [2].

Since the cost of land is a significant part of the cost of housing and the area
in which it is located is the most influential factor for housing quality and living
standards, land acquisition in areas at a reasonable price is of exceptional importance
for housing agencies. This problem is solved by the executive power on the most
favorable terms.

One of the important aspects of the management of housing construction projects
in Azerbaijan is characterized by the near and far external environment of projects.
Thus, the country has achieved full macroeconomic stability. There is financial
stability and very low inflation.

By the rational management of housing projects and optimization of the construc-
tion process, significant cost reduction can be achieved. The most important inno-
vation proposed in this direction is the industrialization of the construction process.
According to international experience, it is possible to reduce costs up to 30%,
and the project completion time - up to 50% [2]. For this purpose was established
entity LLC State Agency for Housing Construction (abbreviation in Azeri - MİDA)
under the State Agency for Housing Construction. The entity State Agency for
Housing Construction (abbr. InAzeri -MIDA) LLC has created an extensivematerial
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base, a transparent mechanism for selecting subcontractors, design and procurement
organizations.

The houses built by the MIDA LLC are designed for socially poorly endowed
unprotected groups of the population - workers of science and education, young
scientists, young families. Sale of apartments for the specified layer of the population
is made online. The focus should be on families in need of housing. The main goal
here is to eliminate by 2025 the shortcomings in the provision of housing at an
affordable price through the measures taken by MİDA LLC. [6]

Affordable housing projects and apartments under construction each year will
serve to meet the housing needs of young and low-income families and certain social
groups.

It should be noted that «MİDA» realizes its activities with the Mortgage Fund of
Azerbaijan, through which it can issue mortgage loans with very low and long-term
interest rates. This will serve the development of mortgage lending in the country.
It is worth noting that over the past 15 years, the average living area in Azerbaijan
has gradually increased from 9.3 to 12 m2. This indicator is a criterion for the MİDA
when developing a project [6–8].

Project monitoring is given special attention and is carried out at all levels of
project management, where independent experts can also be involved. Processes
of procurement and spending of funds and the compliance of the planned goals of
the project with the current situation are subject to especially strict control. Various
criteria are used during the assessment. For example, EU organizations use criteria
such as adequacy, cost-effectiveness, productivity, efficiency, impact, economic and
financial viability [4].

In determining the pricing policy MIDA takes as a basis the average monthly
income of the population (Table 2).

The financial stability of MİDA is ensured by the state budget, the State Oil Fund
and the Azerbaijan Mortgage Fund.

In the future, MIDA will be able to rationalize its activities in the regions and
provide affordable housing for residents of the regions. Thus, in 2020, MIDA is

Table 2 Population size, living space per person, average monthly salary by region [6]

Cities and regions
with high density

Number of the
population (thousand)

Living space per
person (m2) (2015)

Average monthly
salary (2015)

Baku 2225,8 11,6 666,8

Absheron 168,7 14,5 336,0

Sumgayit 336,2 9,3 378,5

Ganja 330,1 11,8 321,0

Sheki 67,3 11,8 255,6

Khachmaz 87,2 14,2 267,2

Lenkoran 68,0 12,1 266

Nakhichevan 80,9 20,8 424,6
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building a new residential complex in Ganja, the second largest city in the country.
The residential complex consists of 18 residential buildings with 12 nine-storey and
6 twelve-storey buildings. Also, as in other MIDA projects, large yards, green areas
and children’s playgrounds will be put into operation in the territory of the Complex,
which will be built in Ganja [5].

According to estimates, as a result of the implementation of housing affordability
in Azerbaijan, according to forecasts, in 2021 Azerbaijan’s real GDP will reach a
total of 83 billion 224 million and create 18,000 jobs in the construction sector [7].

MIDA LLC will provide land plots, infrastructure and other privileges to private
construction companies to encourage their participation in this sector. On the other
hand, private contractors can transfer their resources and methods to MIDA and
assume some of the risks associated with housing construction.

The Distribution of projects among private contractors, as well as tenders will
lead to the provision of the highest quality to the beneficiaries.

It should be noted that the sale of apartments is carried out electronically.

2.4 Scientific Novelty

For the first time, the article comprehensively examines the activities of the State
Agency for Housing, which was established by the state by adopting a Roadmap
to increase the affordability of the housing market in a market economy, confirms
the effectiveness of the organization of the implementation of housing construction
projects in providing the socially vulnerable with affordable housing by applying the
project method, also proves that such state intervention in the housing market has
led to a significant drop in prices in the housing market.

2.5 Practical Importance

The results of the study and MIDA’s experience can be used to provide afford-
able housing for vulnerable groups in developing countries, as well as in the
Commonwealth of Independent States.

3 Conclusions

The study of the activities of the State Agency for Housing of the Republic of
Azerbaijan and its results shows that by developing and implementing the right state
policy, it can be used to provide socially vulnerable groups with housing at affordable
prices.
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Influence of the Rear Verge
Configuration of the Retaining Wall
and Surface of Backfill on Active
Pressure of Heterogeneous Anisotropic
Soil

Yuriy Vynnykov and Inha Voitenko

Abstract Active pressure of heterogeneous anisotropic backfill on a massive
retaining wall with different rear verges orientations was determined with various
options for flat boundaries of soil layers. Numerical researches were carried out for
loose soil, anisotropy of strength properties of which is presented in the form of
piecewise linear hodographs of the angle of internal friction. Various combinations
of anisotropic strength characteristics of contact soil layers were considered, which
made it possible to evaluate the effect of anisotropy on lateral soil pressure. The
results of numerical simulation are presented in tabular form. Comparative analysis
indicates a significant effect of the configuration of the rear verges of the wall and
the features of the stratification of contact soil layers on lateral pressure.

Keywords Retaining wall · Hodographs of internal friction angle · Lateral
pressure · Strength anisotropy

1 Introduction

Retaining walls are widely used in different branch of building. Massive construc-
tions, taking big lateral soil pressure are popular enough. Strength anisotropy, specific
for contact soil environment, hence lithogenesis or artificial backfilling formation
was estimated by the researches [1, 2]. The question of lowering of soil pressure
on retaining structures for their cost lowering is actual. Therefore, the question of
economic wall configuration, and the influence of backfilling surface orientation
on the value of anisotropic soil’s lateral pressure is of interest. In particular, such
an approach was used for the retaining system of the excavation of the complex
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“Panorama” in Frankfurt-am-Main. [3]. For the cost optimization, a supporting wall
was erected from the anchored bored piles, combined with jet grouting columns, that
significantly speeded the construction process in cramped conditions, and provided
existing buildings and underground communications safety.

A calculating-theoretical device of basements and foundations design on the base
of phenomenological orthotropic model of soil’s compaction and the decision of the
axis symmetrical task by the method of finite elements in non-linear setting was
described in [4]. The chute researches of anisotropic environment’s lateral pressure
on the rigid walls, closely located at a different angle of chute filling, are also looked
through. The pressure was measured by the strain gauges in different levels, the
testimony of which testify the results’ differences, and the curves of the soil lateral
pressure depend on the angle of backfill laying. The task for the homogeneous,
anisotropic in shear resistance, environment on the base of classical Kulon’s theory
and the solution of R. Nedderman was solved.

The authors [5–8] conducted numeral and physical modeling of strength condi-
tion of anisotropic soils of different mineralized composition. In [9] the solution of
spatial task of stability of a non-drained slopes, folded by layered anisotropic soils,
from the positions of probabilistic approach was proposed. The influence of strength
anisotropy on lateral pressure of non-homogeneous soil was investigated [10]. Taking
it into account allows lowering the value of active pressure.

By numerous investigations of a thin wall [11], it was established that passive
pressure growswith the increase of the soil’s bulk density and the depth of embedment
of the wall, but doesn’t depend on wall’s thickness. In its turn, total active pressure
increases with depth of embedment (or total depth) of the wall and decreases with
the increase in bulk density of sand. The combination of Yansen’s equations with the
Kulon’s theory about the slip surface [12–17] demonstrated the character of pressure
distribution along the rear surface of different rigidity, and the maximal meanings of
contact stresses are identified somewhere higher a wall’s sole.

2 Defining the Problem

However, the described investigations don’t contain the results of influence of wall
and backfill parameters on active pressure of non-homogeneous anisotropic soil. For
identification of more rational and economic configuration of a wall’s contact edge,
the numerous researches of active pressure of anisotropic non-homogeneous soil on
a massive retaining structure was being conducted. The task of the investigation was
the definition of active pressure of anisotropic soil under different orientation of a rear
edge and the surfaces of contact soil layers for the searching of their correspondence
to minimal pressure.
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3 Research Results

The numerous experiments were being conducted for the retaining wall with smooth
rear surface of awall, oriented at an angle β3, take equal 270°, 285° and 255° (Fig. 1a).
The contact soil environment was two-layered loose backfill, which surfaces are
oriented at the angles β1,1 and β1,2.

Soil’s active pressure was identified, which anisotropy of strength properties is
presented by the hodographs’ internal friction angle, in the view of piece-linear
graphics (Fig. 2), satisfying the condition:

ϕn · (β) = ϕn · (β + π); cn(β) = cn(β + π). (1)

Active pressure of an arbitrary n-layer for loose soil (c= 0) and at the absence of
a surface load (q = 0) is defined according to the formula:

Fig. 1 The calculating scheme a and the variants of hodograph’s combinations of an angle of
internal friction ϕ (β) at different orientation of an axis of maximum strength of n-layer, χn b

Fig. 2 The piece-linear hodographs of an internal friction angle, taken in the investigation
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Fig. 3 The calculating schemes for a retaining wall with the orientation of a rear verge β3 = 270°
at the orientation of surface layers of backfill: a β1,1 = β1,2 = 180°; b β1,1 = β1,2 > 180° = 190°; c
β1,1 = β1,2 < 180° = 170°; d β1,1 = 190° > β1,2 = 170°

Ea,n = γnh
2
nNγ,n

(
1+ Ncor,n

)
, (2)

where Nγ ,n, Ncor,n – the coefficients, received from the expressions (3) and (4):

Nγ,n = 1

2

sin(β3 − β1,1) sin(β3 − β2,n) sin(φn(β2,n) − β2,n)

sin2β3 sin(β2,n − β1,1) sin(β3 − β2,n + φn(β2,n)
; (3)

Ncor,n = sin(β3 − β2,n) sin(β1,n − β1,1)

sin(β3 − β1,1) sin(β2,n − β1,n)
, (4)

where β3 – the angle of wall’s orientation;
β1,1 – the angle of backfill surface orientation;
β1,n – the angle of surface soil of anarbitrary n-layer orientation;
β2,n – the angle of failure surface of n-layer;
γ n – a soil’s bulk density of n-layer;
hn – the thickness of n-layer of soil on the wall’s vertical projection.
When investigating, different variants of orientation of a wall’s rear verge were

being looked through β3 = 270° (Fig. 3), β3 > 270° = 285° (Fig. 4), β3 < 270° =
255° (Fig. 5), for each of them the calculations were made when differently oriented
surface layers of backfill: β1,1 = β1,2 = 180°, β1,1 = β1,2 > 180° = 190°, β1,1 = β1,2
< 180° = 170°, β1,1 = 190° > β1,2 = 170° (Figs. 3, 4 and 5).

Strength anisotropy of soil layers was modeled by hodographs of an internal
friction angle ϕ = 30–35° and ϕ = 35–40° with variations in the relative position of
axes of maximal hodograph’s strength χn horizontal relatively (Fig. 1b).
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Fig. 4 The calculating schemes for a retaining wall with the orientation of a rear verge β3 = 285°
at the orientation of surface layers of backfill: a β1,1 = β1,2 = 180°; b β1,1 = β1,2 > 180° = 190°;
c β1,1 = β1,2 < 180° = 170°; d β1,1 = 190° > β1,2 = 170°

Fig. 5 The calculating schemes for a retaining wall with the orientation of a rear verge β3 = 255°:
β3 = 285° at the orientation of surface layers of backfill: a β1,1 = β1,2 = 180°; b β1,1 = β1,2 > 180°
= 190°; c β1,1 = β1,2 < 180° = 170°; d β1,1 = 190° > β1,2 = 170°

The results of calculations are presented in the Table 1, Table 2, Table 3, Table 4,
Table 5 and Table 6.

In the result of calculation the following indexes were identified:
– the component of layers’ active pressure Ea,n;
– the angles of orientation of sliding surfaces β2,n, corresponding to extreme

pressure.
– the coefficients of anisotropy of n-layer, defined according to the formula:

ka,n = Ea,n(anis.)

Ea,n(is.)
, (5)

where Ea,n(anis.) – active soil pressure of n-layer, defined, taking into account
strength anisotropy;

Ea,n(is.) – active soil pressure of n-layer, defined in the conditions of isotropic soil
environment at ϕn = ϕn,min = const.
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Table 1 Parameters Ea,1, Ea,2, β2,1, β2,2, ka,1, ka,2 depending on the orientation of contact soil
layers surfaces at their minimal and maximal internal friction angle and the orientation of a wall’s
rear verge β3 = 270°

The orientation of backfill soils
surfaces, β1,1, β1,2

Ea,1 Ea,2 β2,1 β2,2 ka,1 ka,2

β1,1 = β1,2 = 180° ϕ = ϕmin = 30°

11,33,333 34,00,000 240 240 1 1

ϕ = ϕmax = 40°

8,07,942 24,23,827 243 243 1 1

β1,1 = β1,2 = 190° ϕ = ϕmin = 30°

12,70,509 38,11,525 237 237 1 1

ϕ = ϕmax = 40°

8,07,942 24,23,827 243 243 1 1

β1,1 = β1,2 = 170° ϕ = ϕmin = 30°

10,32,815 30,98,445 242 242 1 1

ϕ = ϕmax = 40°

6,84,575 20,53,726 246 246 1 1

β1,1 = 190°
β1,2 = 170°

ϕ = ϕmin = 30°

12,70,509 37,99,565 237 237 1 1

ϕ = ϕmax = 40°

8,07,942 24,17,724 243 243 1 1



Influence of the Rear Verge Configuration of the Retaining Wall and Surface … 421

Table 2 Parameters Ea,1, Ea,2, β2,1, β2,2, ka,1, ka,2 depending on axes orientation of hodographs’
maximal strength, χn and the given hodographs of an internal friction angle of soil layers at the
orientation of a wall’s rear verge β3 = 270°

The orientation of
backfill soils
surfaces, β1.1, β1.2

Axes orientation of
maximal strength
of hodographs of
the internal friction
angle, χ1, χ2

Ea,1 Ea,2 β2,1 β2,2 ka,1 ka,2

β1,1 = β1,2 = 180° ϕ = 30–35°

χ1 = 0°, χ2 = 90° 10,82,523 29,57,552 242 240 0,93,752 0,86,987

χ1 = 90°, χ2 = 0° 9,85,851 31,87,568 240 242 0,86,987 0,93,752

ϕ = 35–40°

χ1 = 0°, χ2 = 90° 8,65,296 23,68,448 244 243 0,93,939 0,85,710

χ1 = 90°, χ2 = 0° 7,89,494 25,95,889 243 244 0,85,709 0,93,938

β1,1 = β1,2 = 190° ϕ = 30–35°

χ1 = 0°, χ2 = 90° 11,78,399 33,06,345 240 238 0,92,750 0,86,746

χ1 = 90°, χ2 = 0° 11,02,115 35,35,198 238 240 0,86,746 0,92,750

ϕ = 35–40°

χ1 = 0°, χ2 = 90° 9,49,115 26,09,889 242 241 0,93,132 0,85,365

χ1 = 90°, χ2 = 0° 8,69,963 28,47,346 241 242 0,85,365 0,93,132

β1,1 = β1,2 = 170° ϕ = 30–35°

χ1 = 0°, χ2 = 90° 9,74,870 26,98,500 244 242 0,94,390 0,87,092

χ1 = 90°, χ2 = 0° 8,99,500 29,24,611 242 244 0,87,092 0,94,390

ϕ = 35–40°

χ1 = 0°, χ2 = 90° 7,99,511 21,80,621 246 245 0,94,459 0,85,877

χ1 = 90°, χ2 = 0° 7,26,874 23,98,532 245 246 0,85,877 0,94,459

β1,1 = 190°; β1,2
= 170°

ϕ = 30–35°

χ1 = 0°, χ2 = 90° 11,78,399 32,96,323 240 238 0,92,750 0,86,755

χ1 = 90°, χ2 = 0° 11,02,115 35,25,222 238 240 0,86,746 0,92,780

ϕ = 35–40°

χ1 = 0°, χ2 = 90° 9,49,115 26,02,792 242 241 0,93,132 0,85,374

χ1 = 90°, χ2 = 0° 8,69,963 28,39,891 241 242 0,85,337 0,93,151
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Table 3 Parameters Ea,1, Ea,2, β2,1, β2,2, ka,1, ka, depending on the axes orientation of hodographs’
maximal strength, χn and the given hodographs of the internal friction angle of soil layers at the
orientation of a wall’s rear verge β3 = 285°

The orientation of
backfill soils
surfaces, β1.1, β1.2

Axes orientation of
maximal strength
of hodographs of
the internal friction
angle, χ1, χ2

Ea,1 Ea,2 β2,1 β2,2 ka,1 ka,2

β1,1 = β1,2 = 180° ϕ = 30–35°

χ1 = 0°, χ2 = 90° 14,75,252 40,82,400 250 248 0,96,542 0,89,053

χ1 = 90°, χ2 = 0° 13,60,800 44,25,755 248 250 0,89,053 0,96,542

ϕ = 35–40°

χ1 = 0°, χ2 = 90° 12,69,126 34,67,077 252 251 0,96,774 0,88,121

χ1 = 90°, χ2 = 0° 11,55,692 38,07,376 251 252 0,88,124 0,96,774

β1,1 = β1,2 = 190° ϕ = 30–35°

χ1 = 0°, χ2 = 90° 16,64,549 46,42,673 246 246 0,95,564 0,88,848

χ1 = 90°, χ2 = 0° 15,47,558 49,93,647 244 246 0,88,848 0,95,565

ϕ = 35–40°

χ1 = 0°, χ2 = 90° 14,17,852 38,92,376 249 248 0,96,013 0,87,861

χ1 = 90°, χ2 = 0° 12,97,459 42,53,557 248 249 0,87,861 0,96,013

β1,1 = β1,2 = 170° ϕ = 30–35°

χ1 = 0°, χ2 = 90° 13,26,289 36,47,168 253 251 0,97,173 0,89,072

χ1 = 90°, χ2 = 0° 12,15,723 39,78,866 251 253 0,89,072 0,97,173

ϕ = 35–40°

χ1 = 0°, χ2 = 90° 11,47,736 31,22,980 254 253 0,97,319 0,88,268

χ1 = 90°, χ2 = 0° 10,40,993 34,43,209 253 254 0,88,269 0,97,320

β1,1 = 190°; β1,2
= 170°

ϕ = 30–35°

χ1 = 0°, χ2 = 90° 16,64,549 42,26,061 246 244 0,95,564 0,98,856

χ1 = 90°, χ2 = 0° 15,47,558 49,76,666 244 246 0,88,848 0,95,590

ϕ = 35–40°

χ1 = 0°, χ2 = 90° 14,17,852 38,79,820 249 248 0,96,013 0,87,869

χ1 = 90°, χ2 = 0° 12,97,459 42,40,204 248 249 0,87,860 0,96,030
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Table 4 Parameters Ea,1, Ea,2, β2,1, β2,2, ka,1, ka,2 depending on the orientation of contact soils
layers’ surface at their minimal and maximal internal friction angle and the orientation of a wall’s
rear verge β3 = 285°

The orientation of backfill soils
surfaces, β1,1, β1,2

Ea,1 Ea,2 β2,1 β2,2 ka,1 ka,2

β1,1 = β1,2 = 180° ϕ = ϕmin = 30°

15,28,087 45,84,262 247 247 1 1

ϕ = ϕmax = 40°

11,16,994 33,50,983 252 252 1 1

β1,1 = β1,2 = 190° ϕ = ϕmin = 30°

17,41,808 52,25,423 243 243 1 1

ϕ = ϕmax = 40°

12,44,579 37,33,736 250 250 1 1

β1,1 = β1,2 = 170° ϕ = ϕmin = 30°

13,64,871 40,94,612 251 251 1 1

ϕ = ϕmax = 40°

10,11,808 30,35,425 255 255 1 1

β1,1 = 190°
β1,2 = 170°

ϕ = ϕmin = 30°

17,41,808 52,06,254 243 243 1 1

ϕ = ϕmax = 40°

12,44,579 37,22,336 250 250 1 1
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Table 5 Parameters Ea,1, Ea,2, β2,1, β2,2, ka,1, ka,2 depending on the surface orientation of contact
soil layers at their minimal and maximal internal friction angle and the orientation of a wall’s rear
verge β3 = 255°

The orientation of backfill soils
surfaces, β1,1, β1,2

Ea,1 Ea,2 β2,1 β2,2 ka,1 ka,2

β1,1 = β1,2 = 180° ϕ = ϕmin = 30°

8,18,668 24,56,004 232 232 1 1

ϕ = ϕmax = 40°

4,47,138 13,41,412 237 237 1 1

β1,1 = β1,2 = 190° ϕ = ϕmin = 30°

9,07,003 27,21,009 231 231 1 1

ϕ = ϕmax = 40°

4,81,102 14,43,305 237 237 1 1

β1,1 = β1,2 = 170° ϕ = ϕmin = 30°

7,57,557 22,72,671 234 234 1 1

ϕ = ϕmax = 40°

4,21,790 12,65,369 238 238 1 1

β1,1 = 190°; β1,2 = 170° ϕ = ϕmin = 30°

9,07,003 27,13,717 231 231 1 1

ϕ = ϕmax = 40°

4,81,102 14,40,513 237 237 1 1
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Table 6 Parameters Ea,1, Ea,2, β2,1, β2,2, ka,1, ka,2 depending on the axes orientation of hodographs’
maximal strength, χn and the given hodographs of the internal friction angle of soil layers at the
orientation of a wall’s rear verge β3 = 255°

The orientation of
backfill soils
surfaces, β1.1, β1.2

Axes orientation of
maximal strength
of hodographs of
the internal friction
angle, χ1, χ2

Ea,1 Ea,2 β2,1 β2,2 ka,1 ka,2

β1,1 = β1,2 = 180° ϕ = 30–35°

χ1 = 0°, χ2 = 90° 7,31,364 20,75,013 234 233 0,89,335 0,84,487

χ1 = 90°, χ2 = 0° 6,91,670 21,94,091 233 234 0,84,487 0,89,335

ϕ = 35–40°

χ1 = 0°, χ2 = 90° 5,46,961 15,16,940 237 236 0,89,134 0,82,402

χ1 = 90°, χ2 = 0° 5,05,647 16,40,881 236 237 0,82,401 0,89,134

β1,1 = β1,2 = 190° ϕ = 30–35°

χ1 = 0°, χ2 = 90° 8,00,989 22,87,924 233 231 0,88,311 0,84,083

χ1 = 90°, χ2 = 0° 7,62,642 24,02,965 231 233 0,84,083 0,88,311

ϕ = 35–40°

χ1 = 0°, χ2 = 90° 5,91,085 16,45,990 236 235 0,88,339 0,81,999

χ1 = 90°, χ2 = 0° 5,48,664 17,12,833 235 236 0,81,999 0,88,339

β1,1 = β1,2 = 170° ϕ = 30–35°

χ1 = 0°, χ2 = 90° 6,81,361 19,23,522 235 234 0,89,942 0,84,637

χ1 = 90°, χ2 = 0° 6,41,174 20,44,083 234 235 0,84,637 0,89,941

ϕ = 35–40°

χ1 = 0°, χ2 = 90° 5,13,951 14,20,840 237 237 0,89,681 0,82,642

χ1 = 90°, χ2 = 0° 4,73,613 15,41,853 237 237 0,82,642 0,89,681

β1,1 = 190°; β1,2
= 170°

ϕ = 30–35°

χ1 = 0°, χ2 = 90° 8,00,989 22,82,031 233 232 0,88,311 0,84,092

χ1 = 90°, χ2 = 0° 7,62,642 23,97,143 231 233 0,84,083 0,88,334

ϕ = 35–40°

χ1 = 0°, χ2 = 90° 5,91,085 15,86,447 236 235 0,88,339 0,82,009

χ1 = 90°, χ2 = 0° 5,48,664 17,69,613 235 236 0,81,999 0,88,361

4 Conclusions

At the orientation of the hodograph’s maximal strength axis χn = 0° active pressure
of anisotropic soil increases for both layers. Maximal pressures of soil layers at
any orientation of a wall’s rear verge correspond the orientation of their surfaces
β1,1 = β1,2 > 180° = 190°, here in 1,17–1,23 times exceeding minimal pressure,
received at β1,1 = β1,2 < 180° = 170°. The orientation of a wall’s rear verge β3 =
285° corresponds maximal soil pressure, that in 1,96–2,32 times more that minimal
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lateral pressure, got for β3 = 255°, moreover such results are characteristic for both
anisotropic and isotropic soil environment. The influence of strength anisotropy is
mostly characteristic at the orientation of a hodograph’s maximal strength axis χn

= 90°. Maximal influence of strength anisotropy corresponds the orientation of a
wall’s rear verge β3 = 255° (β3 < 270°), minimum influence appears at β3 = 285° (β3
> 270°). So, the orientation of a wall’s rear verge and the surface of contact layers
significantly effect on the value of soil’s lateral pressure, in some cases allowing to
lower it more than in 2 times. The results can be used in retaining structures’ design
for the choice of optimal solutions of wall’s configuration and contact environment,
which anisotropic properties can be formedbymeans of sandwashing or a technology
of dumping and consolidation.
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Constructive Features of the Device
“Trombe Wall” During Thermal
Modernization of the Existing Building

Dmytro Yermolenko , Grigoriy Sharyi , Oleksandr Lapenko ,
and Oleksandr Palyvoda

Abstract The article presents a constructive solution for the modernization of the
enclosure structures of the operated building. Measures were taken to reduce the
annual power delivery for heating. A comprehensive approach has been implemented
by combiningmeasures to increase the heat transfer resistance of enclosure structures
and the introduction of solar heating systems. In particular, it is proposed: replace-
ment of translucent parts with energy efficient ones; heat insulation of opaque parts of
the walls; arrangement of two partitions of the southern wall in the form of elements
of passive solar heating - “Trombe Wall”. The constructive decision of an element
of passive heating does not demand installation of the additional equipment and
saves the useful area of the room. To preserve the carrying function of the partition
when installing thermal insulation from another wall array, it is proposed to use
the method of perforation. Experimental design of complex modernization of the
shell and heating system of the existing residential building has been performed. The
comparison of initial and design heat needs confirmed the feasibility of introducing a
set of energy efficient measures, in particular, the integration into the existing heating
system of the house of a passive heating element - “TrombeWalls”. The introduction
of elements of the passive heating system, which works on the principle of utilization
and use of solar radiation on the scale of a single house has reduced the total cost of
heat generation during the heating season by 6%.
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1 Introduction

Requirements for the technical condition of buildings and structures of different
functional purposes are changing over time. The change in the regulatory framework
in construction in recent years is mainly in the direction of improving energy effi-
ciency. It should be noted that now the economic component includes not only the
cost of design and construction, but also added the cost of ensuring safe operation
during the estimated service life of buildings or structures. As practice shows, the
material costs of maintaining the normal operation of buildings can be many times
higher than the cost of their construction.

Among the operational ones, a significant share is occupied by the costs of
ensuring the appropriate sanitary and hygienic parameters of the microclimate of the
premises. Among the buildings and structures that have already been put into oper-
ation, the vast majority are facilities that are designed in accordance with outdated
regulatory requirements. The introduction of energy efficiency methods is manda-
tory, both in new construction and in the reconstruction of existing buildings and
structures. From the point of view of a design engineer, this is the most difficult to
do for the last category of objects. It is necessary to take into account the architec-
tural, planning and design solutions of the existing building and modernize them to
new requirements, in particular, for thermal insulation of buildings. Therefore, the
development of rational design solutions for modernization of enclosing structures
of buildings and structures operated in order to reduce the annual power delivery for
heating by combining measures to increase the heat transfer resistance of enclosing
structures and the introduction of solar heating systems is relevant.

2 Analysis of the State of Research

Of course, thermal modernization of the building is a valuable measure. However,
these funds have a clear tendency to return in a relatively short time. The process
of thermal modernization of an apartment building is mainly carried out in three
directions: insulation of enclosing building structures [1]; modernization of heating
and ventilation systems [2]; extensive use of renewable energy resources [3]. The
greatest effect is observed in the case of an integrated approach by combining these
areas in one project.

Solar heating systems are used to reduce the consumption of traditional energy
resources. Currently, the most developed are power and heat supply systems that
use solar energy. In our case, the advantages of solar energy include [4]: environ-
mental friendliness—does not create hazardous waste; great energy potential—solar
energy is inexhaustible and constant; accessibility; low operating costs. Signifi-
cant disadvantages are [5]: high initial cost; unstable energy capacity; large land
consumption.
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But the disposal, accumulation and subsequent use of solar radiation is possible by
othermethods. Themost interesting are passive systems that do not require expensive
equipment. The most well-known example of a passive system of providing addi-
tional heat to buildings and structures is the “Trombe Wall”. This is a massive stone
structure, which is installed on the south side of the building behind the facade glass
fence [6–10]. The idea was developed by Edward Morse [11] in 1881, and French
professor Felix Tromb revived it in 1960. This wall device allows you to collect and
store solar energy for the whole sunny day, and then give this heat to the room after a
certain time (usually the return time falls at night). Depending on the thickness of the
structure, a longer delay in heat transfer to the room is provided: at a wall thickness
of 20 cm—the delay occurs for about 5 h;—at a wall thickness of 40 cm—the delay
occurs at about 10.12 h [11, 12].

Traditionally, the “Trombe Wall” is a separately erected massive, usually flat
structure [13], located on some distance from the inner surface of the translucent
enclosure structure within the heating room.A significant disadvantage of this design
solution is the loss of part of the usable area of the premises and the complexity of
the planning solution of the latter. And in the conditions of reconstruction of the
existing building erection of such design can demand measures for strengthening of
bearing designs.

3 The Goal of the Work

As the practice of designing multilayer enclosing structures has shown, the thickness
of an effective insulation with a finishing layer can reach several tens of centimeters
(Fig. 1a). This means that in the place of installation of the “Trombe Wall” layer

Fig. 1 Example of
modernization of a fencing
structure: a opaque part of
the wall; b “Trombe wall”
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of insulation can be replaced by an air-ventilated layer, and the finishing layer—a
translucent element (Fig. 1b).

The paper considers the design features of the “Trombe Wall” in the form of a
load-bearing structural element of the building, which receives the vertical compres-
sive load from the above elements of the building. And also in addition I carry out
function of an element of system of heating. In this case, for the possibility of heat
accumulation, such a structure is located as close as possible to the shell of the
building opposite the translucent element (window).

4 The Main Material

The efficiency of solar heating systems directly depends on the amount of solar radi-
ation that can be collected by the receiving surface. The amount of solar radiation
is characteristic of the area and is determined by the parameters of the receiving
surfaces: size and spatial orientation; geographical coordinates of the location;
reflection and absorption of solar energy; heat transfer characteristics. Evaluation
of the feasibility of using elements of passive solar heating was carried out for a
single-storey residential building (Fig. 2), which was built in 1960 near Poltava.

The purpose of experimental design is to try to identify the design features of
the technical part of the design in the implementation of measures to attract renew-
able energy technologies by partial or complete replacement of traditional means.
Among these, it is proposed to apply a partial replacement of heat supply needs—the
arrangement of part of the load-bearing wall in the form of “Trombe Wall”.

Fig. 2 South facade
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Table 1 Estimated indicators of the months of the heating period [15]

Indicator Oct. Nov. Dec. Jan. Feb. Mat. Apr.

The average monthly
out-door temperature
is θc,°C

7,7 1,3 – 3,4 – 5,6 – 4,7 0,3 9,0

Duration of the
month t, h

408 720 744 744 672 744 264

Total daily receipts
of solar radiation,
W/m2

3179 2352 2281 2828 3308 3035 1898

4.1 Climatic Data

The calculated indoor air temperature [14] in the premises is taken tv = 20 °C,
the estimated value of the relative humidity of the premises is 55%. The calculated
outside air temperature [15] is tz = –23 °C. The average temperature of the coldest
month is –5.6 °C, the relative humidity of the coldest month is 83%.

The duration of the heating period is 179 days [16]. The number of degree-days
of the heating period is ≈ 3813 °C-days (Table 1).

The average monthly averages of solar radiation are given for radiation in the
vertical plane.

4.2 Description of the Existing House

The total area of the house (Fig. 2) is 74.2 m2, the height of the room is 2.7 m.
The main facade of the house is oriented to the south with a deviation of 2.5° to the
west—A = 182.5°). Entrance to the building from the west. The yard is located on
the north side of the house.

The external walls are made of double-height silicate brick 380 mm thick. The
area of opaque external fences was 117.3 m2. Glazing is made in two rows, in
the form of separate window frames made of wood. Area of translucent structures:
north—5.0 m2; east—1.1 m2; south—3.4 m2; west—5.2 m2.

PowerDelivery forHeatinganExistingBuilding. Heat balance is calculated under
the condition of quasi-stationary physical processes for a period of one month. It
consists of: transmission heat losses of heated zones through external enclosing
structures, unheated attic and floor construction on the ground; ventilation heat loss
to heat the air; possible heat input from solar radiation. The monthly calculation is
performed in general for the heating period. The air-conditioned area is Af = 74.2m2.

Prior to the reconstruction, the structural solution of the building envelope and the
heating system led to high energy consumption for heating. Based on the calculations
of the internal heat capacity of the building and revenues from solar radiation, the
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value of specific energy consumption was 193.4 kWh/m3. The difference between
specific and limit power delivery was +61%. Which indicates a low efficiency of
the building envelope. And the building as a whole has an energy efficiency class for
specific power delivery—“F” [17].

4.3 Energy Efficient Measures

Three constructive decisions of modernization of an external cover of the building
are projected: replacement of translucent parts with energy efficient ones; insulation
of opaque parts of the walls; arrangement of two partitions of the southern wall in
the form of elements of passive solar heating—“Trombe Wall”.

The implementation of the first measure involves the replacement of obsolete
wooden bindings with energy-efficient double-glazed windows. An effectivemineral
wool insulation with a density of 80 kg/m3 and a thickness of 130 mm was chosen
for wall insulation.

The implementation of the third measure increases the heat flow to the house.

The Design of the Proposed “Trombe Wall”. Elements of the “Trombe Wall” are
designed from two partitions (Fig. 3a) on the south side of the house (the area along
the facade is 5.4 m2). Structurally, it is part of a monolithic wall, which is made
in the form of masonry of solid silicate brick, thickness δcT = 380 mm. On the
“inside” is applied a layer of lime finishing plaster of dark gray color, thickness δvx

Fig. 3 The section of the enclosing structure, which has been transformed into the “TrombeWall”:
a the selected area; b perforation zones
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= 30mm.With characteristics [18]: coefficient of absorption of solar radiation—αS,c

= 0,6; thermal radiation of the outer surface—ε = 0,90. The sun-absorbing surface
is formed by a layer of cement plaster of dark green color, thickness δzx = 30 mm.
With characteristics: absorption coefficient of solar radiation—αS,c = 0,6; thermal
radiation of the outer surface—ε = 0,93.

Upon completion of the external insulation, the “Trombe Wall” will be located
in the interior of the heating room. Separated from the translucent part of the shell
by a ventilated air layer 130 mm thick. Thus, part of the outer wall will perform the
functions of: heating element; load-bearing structure. For effective performance of
the first function it is necessary to carry out constructive measures which will allow
to reduce losses of thermal energy from other elements of a wall of the building.

The most effective of such measures will be the arrangement of temperature
seams between the wall massif and the sections of the “Trombe Wall”. Which are
filled with effective insulation. But such a solution has limited application. A factor
that significantly affects this is the vertical compressive force on the structure of
the “Trombe Wall” from the higher structural elements. The temperature seams that
propagate along this force will not be affected by the force factor. And horizontal
seams—will be in a state of compression. The magnitude of the components of
the stress state exceeds the compressive resistance of the material of such joints,
which will lead to its destruction. And, as a consequence, the vertical movement
(subsidence) of the “Trombe Wall”. This condition is unacceptable.

To preserve the load-bearing function of the partition when installing thermal
insulation from another wall array, it is proposed to use the method of perforation
(Fig. 3b). Horizontal perforation zones will perform the function of supply (above
the floor) and outlet (under the ceiling) ventilation of the working surface of the
“Trombe Wall”. Vertical perforation zones are arranged in the window sill area.

Vertical perforation does not affect the bearing function of the partition, so the
volume of perforation (weakening of the cross section) of the partition is selected
under conditions of minimizing thermal energy consumption by heat transfer to adja-
cent wall arrays. Horizontal sections of the perforation of the sheet are involved in
the resistance of the vertical load from the above structural elements of the building.
Therefore, for such areas, the second condition when choosing the volume of perfo-
ration is to ensure the load-bearing capacity of the partition to the action of external
compressive load.

Energy Consumption for Heating a Modernized Building. Developed modern-
ization measures reduce the cost of heating the house. But it is necessary to check to
which class of energy efficiency the reconstructed building will be carried. And it is
also important to establish how much the result will improve in the rooms, provided
that the additional element of the heating system - the “Trombe wall” (Table 2).
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Table 2 Energy parameters of the heating season total heat transfer by transmission

Indicator Oct. Nov. Dec. Jan. Feb. Mat. Apr.

Total heat transfer by transmission, kWh 730 1958 2520 2769 2413 2131 645

Qtr for the heating season, kWh 12224

Ventilation heat losses for air heating Qve,
kWh

39,6 106,3 137,0 150,5 131,4 115,8 35,1

Qve for the heating season, kWh 708

Solar thermal overcurrents Qsol , kWh 115,2 51,6 38,1 61,1 111,3 161,0 195,6

Qsol for the heating season, kWh 733

Heat flow from the “Thrombus Wall”, QwT
kWh

98,1 109,7 100,8 125,0 120,0 146,3 27,1

QwT for the heating season, kWh 727

The specific energy consumption for heating during the heating period was
60.1 kWh/m3. And the share of heat revenues from the “Trombe Wall”—5.9%.

The difference of –50% indicates that the building as a whole has an energy
efficiency class for specific energy consumption—“A” [17].

5 Summary

Productivity of internal engineering systems of heat generation of separate build-
ings can be increased by integration into their structure of the devices working on
principles of renewable energy. The analysis of the conducted research indicates that
together with the modernization of the outer shell it allows to improve the energy
efficiency of the building as a whole. The introduction of elements of the passive
heating system, which works on the principle of utilization and use of solar radiation
on the scale of the house allowed to reduce the total heat consumption during the
heating season by 5.9%.
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Analysis of the Humidity Condition
of Wall Enclosing Structures of Cooling
Warehouses and Possible Ways
to Improve It

Oleg Yurin , Nurmammad Mammadov , Pavlo Semko ,
and Nataliia Mahas

Abstract The paper deals with the wall enclosing structures of cooling warehouses,
erected recently (which mainly use metal sandwich panels) and erected in the second
half of the 20th century (using bricks, expanded clay and reinforced concrete panels
and effective insulation). The analysis of a humidity condition of wall enclosing
structures of cooling warehouses which showed their unsatisfactory condition is
executed. The analysis of possible ways to improve the humidity condition of wall
enclosing structures of existing cooling warehouses, such as: reducing the thickness
of the outer layer from the cooled premises, increasing the resistance to vapor pene-
tration of the vapor barrier layer, using of ventilated air layer between the inner outer
and insulation. The analysis showed that it is possible to fulfill the norms of the
humidity state by reducing the thickness of the inner outer layer to 5 mm or by using
a ventilated air layer which ventilated by air from the cooled premises.

Keywords Humidity condition · Insulation · Enclosing walls of cooling
warehouses

1 Introduction

The operations main problem of cooling warehouses’ buildings is maintenance of
heat-protective qualities of enclosing designs at the norm recommended level which
to a large extent depend on their humidity condition.

Recently, the sandwich panels, which consist of effective insulation and metal
cladding layers are mainly used in the construction of cooling warehouses. The
humidity condition of such fencing structures largely depends on the quality of the
joints of sandwich panels and the quality of work performed during the construction
of fences. At the same time, there are a large number of cooling warehouses erected
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in the second half of the 20th century, in which bricks, expanded clay concrete and
reinforced concrete panels with a layer of effective insulation were used as enclosing
structures. As the experience of operation of such enclosing structures has shown,
the humidity condition of the insulation in them and, as a consequence, the heat-
protective properties are in unsatisfactory condition. During the service life of these
buildings, the humidity of the insulation becomes significant. In some cases, there
are formation of ice on the surfaces of the structural layers adjacent to the surface of
the insulation from the cooled premises.

The humidity condition of the enclosing structures of cooling buildings is signifi-
cantly different from the humidity condition of the enclosing structures of residential
and public buildings. This is due to the fact that the flow of vaporous moisture in the
coolingwarehouses throughout the year moves in one direction—in themiddle of the
premises. While in the fences of residential and public buildings, this flow changes
its direction during the year. In winter it moves from the premises to the outside,
and in summer to the premises. That is, the period of humidity accumulation in the
enclosing structures in winter changes to the period of humidity return in summer.
And in protections of cooling warehouses there is a constant moisture accumulation.
The fact that the structural layer in these structures is sometimes located on the inside
also contributes to the accumulation of moisture. It slows down the release of mois-
ture from the enclosing structures into the middle of the premises. The greater the
density of this layer, the more humidity condenses in the enclosure. The search for
ways to improve the humidity condition of enclosing structures was studied by the
authors in [1–3], the thermal condition of enclosing structures improvement was also
studied in [4–13]. Therefore, the study of the humidity condition of wall enclosing
structures, search and analysis of possible ways to improve the moisture condition
of wall enclosing structures of existing cooling warehouses is an urgent task of the
study.

2 Analysis of the Humidity State of the Enclosing Wall
Structures of Existing Cooling Warehouses

According to the existing standards for thermal protection and humidity [14–17] of
enclosing structures for coolingwarehouses, the required resistance to heat transfer of
the outer walls of refrigerated premises for summer conditions for different climatic
regions should be taken according to Table 1, the required resistance to vapor barrier
in enclosing structures according to the Table 2.

Estimated values of temperature and relative humidity in refrigerated warehouses
depend on the type of products stored in them. The values of these parameters for
the most common products are given in the Table 3.

Assessment of the humidity condition of the enclosing structures was performed
according to the method given in [9] for the climatic conditions of Poltava region.
The humidity condition of the enclosing structures is the worst in July at the lowest
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Table 1 The required heat transfer resistance depending on the air temperature in the cooled
premises, m2 °C/Watt

Average annual outdoor air
temperature in the construction area,
°C

−30 °C −20 °C −10 °C −5 °C 0 °C 5 °C 12 °C

−2 °C and lower 4,8 3,9 3,1 2,6 2,4 2,1 1,9

Upper −2 °C and lower 5,1 4,3 3,6 2,8 2,4 2,1 1,9

7–2 °C and upper 5,4 4,8 4,3 3,7 3,3 2,8 2,2

Table 2 Necessary resistance to vapor penetration of vapor barrier depending on air temperature
in the cooled premises, m2 °C/Watt

Estimated humidity of the outside air in the
construction area, gPa

−10 °C and lower From −9 °C to 1 °C

To 14 6,6 2,7

From 14 to 18 9,3 4,6

More 18 13,3 6,6

Table 3 Temperature-humidity regime of cooled premises

Type of premises Estimated temperature, °C Estimated relative humidity, %

Long-term storage of ice cream,
pork, poultry, fatty fish

−30 95

Storage of frozen products
(meat, butter, fish)

−25 95

Storage of fats, mélange −20 95

Long-term storage of frozen
cheese

−20 85

Storage of herring and salted fish −10 95

Short-term oil storage −5 85

Storage of chilled eggs −2 90

Storage of ghee 0 85

Storage of culinary products 2 80

indoor air temperature. Therefore, Table 3 adopted the calculated temperature of the
indoor air tv = −30 °C, and its relative humidity 95%.

According to the accepted calculation schemes (Fig. 1) for enclosing wall
structures made of brick, expanded clay concrete panels and reinforced concrete
panels, the characteristics of the enclosing structure layers the minimum insula-
tion thicknesses and vapor permeability resistance of the vapor barrier layers were
determined.

Calculations of humidity accumulation and humidity returnwere performed for all
months of the year, conditional cross sections of enclosing structures with obtained
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Fig. 1 Calculation scheme of the enclosing structure: a enclosing structure made of bricks,
b enclosing structure made of expanded clay concrete panels, c enclosing structure made of rein-
forced concrete panels; 1—outer layer, 2—insulation, 3—vapor barrier, 4—brick, 5—expanded
clay concrete panel, 6—reinforced concrete panel

Fig. 2 Conditional section of the enclosing structure in July: a enclosing structure of brick,
b enclosing structure of expanded clay concrete panels, c enclosing structure of reinforced concrete
panels

values of saturated water vapor partial pressure in sections of enclosing structure,
indoor air vapor partial pressure and outdoor air vapor tension in July are shown in
Fig. 2. As the lines of partial pressure of saturated water vapor and partial pressure of
water vapor of indoor air intersect, condensation of water vapor occurs in the fence.

Analysis of humidity accumulation and return during the year showed that there
is a constant accumulation of humidity in enclosing structures.

Increasing the humidity of the insulation in the enclosing structures leads to
the loss of their heat-protective properties. This, in turn, leads to increased heat
loss through the structure, increased load on refrigeration equipment, lower internal
temperature and loss of stored products quality. The greatest increase in the humidity
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Fig. 3 a The design scheme of the enclosing structure of reinforced concrete panels with a reduced
outer layer: 1—outer layer, 2—insulation, 3—vapor barrier, 4—reinforced concrete panel; b condi-
tional cross-section of the enclosing structure made of reinforced concrete panels with a reduced
outer layer in July; c conditional section of the enclosing structure of reinforced concrete panels
with a reduced outer layer in January

of the insulation is observed in the walls with reinforced concrete panels. Therefore,
this design was adopted for further research.

3 Analysis of Possible Ways to Improve the Humidity
Condition of Existing Cooling Warehouses Wall
Enclosing Structures

3.1 Reducing the Thickness of the Outer Layer in the Wall
Structure

Vapor like moisture enters the insulation from the outside air, which has a much
higher partial pressure of water vapor, due to the higher temperature than the air in
the building. Moisture is removed from the insulation in the direction of the indoor
air. The amount of moisture removed depends largely on the resistance to vapor
penetration of the outer layer, which in turn depends on the thickness of this layer.
The outer layer was usually made of lime-sand mortar with a thickness of 20 mm.
Modern materials and technologies enable to reduce it to 5 mm. The calculation of
humidity accumulation in the wall with an outer layer 5 mm thick was performed.
The design scheme of the enclosing structure is given in Fig. 3a.

Calculations of humidity accumulation and return for all months of the year were
performed, conditional sections of enclosing structures made of reinforced concrete



444 O. Yurin et al.

panels with a reduced outer layer in July and January are shown in Fig. 3b, c. Analysis
of humidity accumulation and return during the year showed that the enclosing
structure is accumulating moisture Wsp = 0,0186 kg/m2, however, more evaporates
Wwp = 0,2478 kg/m2.

3.2 Increasing the Resistance to Vapor Penetration of Vapor
Barrier in the Wall Structure

As mentioned earlier, vapor like moisture enters the insulation from the outside air.
The amount of moisture entering the insulation depends largely on the resistance to
vapor penetration of the layers located between the insulation and the outside air. This
is a layer of reinforced concrete panel and a layer of vapor barrier. By increasing the
resistance to vapor permeability of the vapor barrier, can be reduced the amount of
moisture coming from the outside air to the insulation. It is possible to determine the
resistance to vapor penetration of the vapor barrier layer in the enclosing structure
by both theoretical and graph-analytical methods. The graph-analytical method is
simpler and clearer.

The required resistance to vapor penetration of vapor barrier in the wall structure
was determined. The obtained partial pressure values of indoor airs water vapor, the
average for the years water vapor partial pressure of outdoor air, the saturated water
vapors partial pressure in the cross sections of the enclosing structure are plotted on
the conditional section of the enclosing structure (Fig. 4). The horizontal section from
the outer surface of the enclosing structure to the point of intersection of the lines is
a necessary resistance to vapor penetration of the vapor barrier layer, which ensures
the absence of humidity accumulation in the insulation during the year. General
resistance to vapor penetration of vapor barrier Re1 = 28,9 (m2 hour Pa)/mg, that
is, to prevent moisture accumulation in the wall of the cooling warehouses, it is
necessary to increase the resistance to vapor penetration of vapor barrier by 3 times.

Calculations of moisture accumulation and return for all months of the year were
performed, conditional sections of enclosing structures made of reinforced concrete
panels in July and January are shown in Fig. 5a, b. Analysis of moisture accumulation
and return during the year showed that the amount of accumulated moisture in the
enclosing structureWsp = 0,0379 kg/m2 equal to the amount of evaporating humidity
Wwp = 0,0379 kg/m2, that is, the accumulation of moisture does not occur. The vapor
barrier layer with a vapor permeability resistance of at least Re1 = 28,9 (m2 hour
Pa)/mg can be made using the materials listed in Table 4.

It is quite difficult to perform vapor barrier with such resistance to vapor
penetration, from the materials given in Table 4.
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Fig. 4 Determination of resistance to vapor penetration of an additional layer of vapor barrier by
graph-analytical method

Fig. 5 Conditional section of the enclosing structure of reinforced concrete panels: a in July, b in
January

3.3 The Use of a Ventilated Air Layer in the Wall Structure

Air layers, ventilated by air from the cooled rooms, located between the insulation
and the inner layer, accelerate the release of humidity from the insulation. This is
explained by the fact that in this case, between the insulation and the air in the
cooled room there is no outer layer, which prevents the release of moisture from the
insulation.
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Table 4 Options for vapor barrier with resistance to vapor penetration is not less Re1 = 28,9 (m2

hour Pa)/mg

Type of vapor barrier Number of layers General resistance to vapor
penetration, (m2 hour Pa)/mg

Painting with hot bitumen 97 29,1

Painting with enamel paint 61 29,28

Coating with insulating mastic 49 29,4

Coating with bituminous-kukersol
mastic

28 29,44

Roofing glassine 88 29,04

Polyethylene film 4 29,2

Ruberoid 27 29,7

Fig. 6 a The calculating scheme of the enclosing structure of reinforced concrete panels with a
ventilated air layer: 1—protective screen, 2—ventilated air layer, 3—insulation, 4—vapor barrier,
5—reinforced concrete panel;bConditional section of the enclosing structure of reinforced concrete
panelswith a ventilated air layer in July; cConditional section of the enclosing structure of reinforced
concrete panels with a ventilated air layer in January.

The calculationof humidity accumulation in thewallwith a ventilated air layerwas
performed, the calculation scheme of the enclosing structure of reinforced concrete
panels with a ventilated air layer is shown in Fig. 6a.

Calculations of humidity accumulation and return were performed for all months
of the year, conditional sections of fencing structures made of reinforced concrete
panels in July and January are shown in Fig. 6b, c. Analysis ofmoisture accumulation
and moisture removal showed that when using a ventilated air layer in the wall of
moisture accumulation in the insulation during the year does not occur.
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4 Conclusions

The analysis of the wall enclosing structures of recently erected cooling warehouses
(mainly using metal sandwich panels) and erected in the second half of the 20th
century (using bricks, expanded clay concrete and reinforced concrete panels and
effective insulation) has beenmade. The analysis of the humidity condition of thewall
enclosing structures of the cooling warehouses has been performed, and their unsat-
isfactory condition has been revealed. The possible ways to improve the humidity
condition of the wall enclosing structures of existing cooling warehouses has been
analyzed, which revealed that it is possible to meet the norms by reducing the thick-
ness of the outer layer located on the side of the cooled room to 5 mm or using a
ventilated air layer situated between inner layer and insulator which ventilated by
air from cooling premises.
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Influence of Strengthening Flat Slab
by External Prestressed Reinforcement
on Deformation Characteristics
of the Slab

Oleksandr Zhuravskyi , Vladyslav Tymoshchuk , Nataliia Zhuravska ,
and Mukhlis Hajiyev

Abstract When designing and erecting monolithic frame buildings it can happen
that at one stage of construction an error was made. Or during the reconstruction of
the building, the operational load was increased.

In this case, the structure may become unusable in the conditions for which it was
designed.

In the event of such situations, it is necessary to perform reinforcement of
structures that do not meet the operating conditions.

This article presents the results of experimental studies of a model of a flat
reinforced concrete slab reinforced with external prestressed reinforcement.

A comparison of the results of the plate under load without reinforcement, and
with load and reinforcement.

According to the results of the experiment, it was found that this method of
strengthening flat plates gives a positive result. That is why this method can be used
for strengthening flat slabs.

Keywords Strengthening · External reinforcement · Flat slab

1 Preparing for Laboratory Test

Laboratory test was prepared and conducted on the basis of the department rein-
forced and stone constructions of Kyiv National University of Construction and
Architecture.

At the laboratory was created reinforced concrete slab with scale to original 1:6
(Fig. 2) with dimensions 2500 × 2500 mm with step of columns 1000 mm, and
cantilevers 250 mm on the perimeter.
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Fig. 1 Computer’s model of reinforced flat slab

Class of concrete C35/40, reinforcement—1 layer mesh with Ø3 50 × 50 mm.
Thickness of slab 25 mm.
External reinforcement—Ø5 Bp-2 (Ukrainian number).
Before started with laboratory test of flat concrete slab, was made theoretical

calculation of experimental model of slab (Fig. 1).
For these purposeswas created four calculationmodelwhich correspond for stages

of experiment.

1st stage—sum load on the slab was 251 kg
2nd stage—sum load on the slab was 581 kg
3rd stage—sum load on the slab was 677 kg
4th stage—sum load on the slab was 773 kg

2 Operation Test of Flat Slab with Strengthening By
External Reinforcement

As was mentioned above all loading steps was broke for four stages. It gives the
opportunity to control deformations of concrete slab.

Experiment had three parts:

1. Full load with four steps without strengthening by external reinforcement;
2. Only prestressed external reinforcement without full load—this part of experi-

ment had only two stages of loading—0.5 N and N, what means tensile forces
in external reinforcement.
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Fig. 2 Research model of reinforcred flat slab

Bolt M12 with center hole along length

Anchorage angle 

Thrust-bearing
Prestressed external reinforcement 

Sleeve – screw nut М5

Fig. 3 Anchorage of external reinforcement on the flat slab

3. Prestressed external reinforcement and full load with four steps.

For anchorage external reinforcement on slab was used steel angles with stiffening
ribs. For generation tensions on reinforcement was used bolt M12 with center hole
along length (Fig. 3), for control of tension was used torque wrench.
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For calculation torque was used formula:

T = 0.5× F0 × d2
P/(π × d2) + f p

1− f p × P/(π × d2)
(1)

For measurement was used analog clock-type indicators with tolerance 0.001 mm
for deformations (Fig. 4), and 0.01 mm for vertical deflections (Fig. 5).

For all model was used 16 indicators with tolerance 0.001 mm, and 4 indicators
with tolerance 0.01 mm.

Loading for slab created by steel springs with weight from 15 to 19 kg, and bags
with dry sand with weight 3 kg (Fig. 6).

Fig. 4 Clock-type
indicator—tolerance
0.001 mm on slab

Fig. 5 Clock-type
indicator—tolerance
0.01 mm on slab
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Fig. 6 Loading for experimental model. Second stage—sum loading 581 kg

Fig. 7 The value of vertical deflections for indicator № 1

3 Processing the Results

After laboratory test of reinforced concrete slab obtained values of vertical deflections
for each of three parts of loadings.

As can be seen from the graphics (Figs. 7, 8, 9 and 10) after strengthening
with external reinforcement vertical deflections reduced. Irregularity of values could
arised, because perfect tolerance of model slab in scale 1:6 is hard to achieve.

The scientific developments of the authors of the article are associated with their
preliminary studies, which are set out in the works [4–6], and are also a further
development of the research of leading scientists Piskunov [7, 8], Pavlikov and
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Fig. 8 The value of vertical deflections for indicator № 2

Fig. 9 The value of vertical deflections for indicator № 3

Kochkarev [9, 10], Azizov [11, 12], Semko [13], Pichugin [14], Loburets [15] with
their co-authors.
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Fig. 10 The value of vertical deflections for indicator № 4

4 Conclusions

As can be seen from the laboratory test of model of concrete slab, the method of
strengthening by external reinforcement by external reinforcement has a positive
effect on the performance of reinforced concrete slabs.

This method of reinforcement allows you to reduce vertical deflections in the slab
and increase operational loading to the structure.

In further studies of flat reinforced concrete slabs, it is necessary to study and
analyze the operation of the support sections of the anchors, as well as their impact
on the reinforced concrete slab under prolonged exposure.
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Influence of Fly Ash Additives
on Strength Characteristics
of Soil–Cement as a Material for Waste
Storage Construction

Mykola Zotsenko , Olena Mykhailovska , Irada Shirinzade ,
and Iryna Lartseva

Abstract Innovative ways of using fly ash to improve the strength of soil–cement
are analyzed. It is proposed to solve the environmental problem of utilization of this
material, when using the addition of fly ash during the construction of soil–cement
elements. The strength of soil–cement samples with the addition of fly ash (with the
main content of fly ash with a percentage of 5, 10 and 15% by weight of cement) at
the age of 28 and 90 days was studied. It is established that the average compressive
strength of the samples with the addition of Mikolaev CHP fly ash with a fraction of
inclusions up to 4 mm in the amount of 5% increases the compressive strength by
30% (at the age 28 days). The expediency of the application of fly ash for soil–cement
elements in the construction of waste storage is analyzed.

Keywords Soil–cement · Fly ash ·Waste storage · Compressive strength

1 Introduction

Mixing of soils with cement allows to receive quite strong and environmentally
friendly material soil–cement which can be used both for preparation of the basis
under the foundations, and for construction of the foundations, and also at the decision
of various geotechnical problems.

In recent years, the use of resource-efficient through the development of new
methods of arranging soil–cement structures is increasingly used in the construction
of foundations: as bored piles, in the arrangement of retaining walls of pits and soil–
cement anchors. Building envelopes are designed for the action of horizontal loading
from soil pressure and groundwater, as well as on a vertical loading to the surface
of the soil near the envelope. Special requirements for the strength of soil–cement

M. Zotsenko · O. Mykhailovska (B) · I. Lartseva
National University «Yuri Kondratyuk Poltava Polytechnic», Pershotravnevyj Ave. 24, Poltava,
Ukraine

I. Shirinzade
Azerbaijan University of Architecture and Construction, Ayna Sultanova -11, Baku, Azerbaijan

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
V. Onyshchenko et al. (eds.),Proceedings of the 3rd International Conference on Building
Innovations, Lecture Notes in Civil Engineering 181,
https://doi.org/10.1007/978-3-030-85043-2_43

457

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-85043-2_43&domain=pdf
http://orcid.org/0000-0003-1886-8898
http://orcid.org/0000-0001-7451-3210
http://orcid.org/0000-0002-9847-6079
http://orcid.org/0000-0003-0133-5956
https://doi.org/10.1007/978-3-030-85043-2_43


458 M. Zotsenko et al.

elements and the tightness of their styling are determined for building envelopes [1].
The use of soil–cement structures for the construction of waste storage is promising.

In this case, soil–cement anti-filtration curtains are used, which can be vertical
and horizontal. The thickness of anti-filtration curtains is in the range of 0.5 … 2 m
and depends on the filtration capacity, strength of soil–cement, pressure gradient
[1]. Special requirements are set for anti-filtration curtains to ensure a low filtration
coefficient and resistance to groundwater aggressiveness. Soil–cement is used in the
installation of drilling mud, artificial reservoirs, pools, reservoirs, fountains [2].

From the point of view of manufacturability soil–cement piles (elements) have
advantages over all other driven piles that at their manufacturing there is no need
for additional actions for the maintenance of walls of wells (casings, drilling muds,
special shells, etc.).

The most common in our country is the drilling method due to the simplicity of
mechanisms for its implementation. The essence of this method is to mechanically
develop and mix the soil with a binding material, which is fed in the form of a
solution. Mixing of soil with binding material, as a rule, occurs in a working well
(without excavationof soil), but also applicationof technologywith partial excavation
of soil or in special bunkers mixers is possible. The advantage of this method is
the economy of the binding material, a constant cross-section of the soil–cement
element in accordance with the diameter of the applied working auger. One of the
disadvantages of soil–cement elements is their relatively low strength of thematerial.

On the other hand, the problem of accumulation of waste from enterprises, namely
ash, ash and slag waste from thermal power plants (CHP), which occupy large areas,
is relevant in Ukraine. For example, Trypillya CHP has accumulated 28 million ash
slags, 140 ha. The result of waste storage is large-scale dust storms that cover nearby
settlements. All this is complicated by the fact that there is no sanitary protection
zone between the ash dump.

InWestern Europe and Japan, ash dumps have been virtually eliminated at thermal
power plants. In 1990, the European Coal Combustion Products Association was
established by European electricity producers to ensure the profitable and high-
quality use of ash. At modern thermal power plants, coal is burned in a dusty state.
Slag is formed by the adhesion of softened ash particles. The maximum grain size
of slag in the ash-slag mixture is not more than 20 mm.

Ash is removed from the furnace with flue gases (fly ash). Most ash fragments
have a vitreous surface texture. The size of spherical particles varies from a few
microns to 50–60 μm [3].

Ash from thermal power plants have different chemical composition depending
on the type of coal burned. Ash from oil shale coal is less acidic than ash from the
combustion of brown or hard coal [3]. During the combustion of coal in thermal
power plants and slag, 7–9 million tons (50–200 g of ash per 1 kW-gram of produced
electricity).

Kovalsky V.P., Sidlak O.S. (2014) note that the use of ash and slag waste from
thermal power plants in the production of concrete and reinforced concrete products
allows you to: reduce cement consumption by 10–20%; to improve physical and
mechanical properties of concrete; reduce the cost of creating and operating dumps;
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to release the lands occupied by dumps; to exclude pollution of air and water basins.
The use of Portland cement hydration processes with the addition of 40% of CHP fly
ash has proved the feasibility of replacing a significant part of the clinker component
in concrete [3, 4].

Malyovaniy M.S. (2017) proposes to use CHP waste for the purpose of making
additives by mixing a dispersed mineral additive—CHP fly ash [5].

Blaschuk N.V. andMaevska I.V. (2017) propose to add fly ash in order to improve
the properties of soil–cement elements [6]. As a result of experiments, they found
that the addition of fly ash in the amount of 3.4 to 15% by weight of the soil in the
manufacture of soil–cement samples in the laboratory gives a positive effect.

2 Purpose of the Work. Methodology and Research

The purpose of the article is to study the influence of the Mykolayiv CHP fly ash on
the strength characteristics of soil–cement.

Soil cement is a building material formed by mixing soil with cement mortar. It
has a fairly high shear strength, but is brittle and has a low tensile strength. This leads
to the formation of cracks.

Under natural conditions, the soil in most cases is a three-phase system consisting
of solid, liquid and gaseous phases. Depending on the value of the exchange capacity
and the composition of the exchange cations, different soils, even with the same
particle size distribution, have quite different physical and mechanical properties.
This circumstance significantly affects the stability of soils in engineering structures
[7].

Clay soils are suitable for the production of soil–cement. Of these, loess and loess
loams and sands meet the requirements the most.

When soil–cement is produced directly in the soil of the construction site, the
quality of mixing of the mixture is reduced by boring-mixing technology in compar-
ison with the production of such elements in the enterprise. In the field, additional
compaction of the mixture is almost impossible. In flooded soils, especially below
its groundwater level, the water-cement ratio of the mixture increases significantly.
The consequence of this will be a decrease in the density of soil–cement and its
mechanical characteristics. The disadvantages of soil–cement piles include their low
strength of the material.

Recently, a significant amount of waste in Ukraine is incineration waste (ash).
Annually in Ukraine thermal power plants generate about 6.5 million tons of

ash and slag waste, a significant part of this waste is fly ash, that is a fine material
consisting of particles up to 0.14 mm in size.

The mineralogical composition of ash depends on the type of fuel used at the
CHP and the conditions of its combustion. It contains metakaolin, quartz of various
modifications, γ-alumina, mullite, various iron compounds, sulfur compounds and
other substances, but in very small quantities. The mineralogical composition of the
ash determines their activity, chemical composition and some other properties.



460 M. Zotsenko et al.

The true density of the individual ash fractions in most fuels can range from 2 to
5g/cm3. The high density of the individual components of the ash is due to the fact that
it is dominated by particles consisting mainly of iron compounds or minerals, with a
significant density. Different actual density of ash particles obtained by burning the
same fuel is associated with different chemical composition of individual fractions
[8].

Storozhuk N.A. (2017) found that during the combustion of the organic part of
the fuel, clay impurities that are part of the mineral part of the fuel are dehydrated
and amorphized. Temperature intervals of dehydration of clay matter depend on
its mineralogical composition. First, the main part of the water is released without
destroying the crystal lattice of the mineral. After that, the obtained material differs
in physical properties from the original mineral, has a distorted crystal structure and
increased reactivity [8].

Most fragments of ash have a spherical shape, smooth glassy surface texture. The
size of spherical particles ranges from a few microns to 50–60 μ. The particle size of
the furnace dust ranges from 3–5 to 100–150 mkm [6]. The number of large particles
usually does not exceed 10–15%.

The Mikolaev CHP fly ash before carrying out experiment was sifted on a sieve
of 4 mm (Fig. 1). The content of spherical inclusions from 1 to 4 mmwas up to 40%.
The average humidity of the removal ash was 0,6%.

The starting materials for the preparation of soil–cement in both laboratory and
field conditions are clay-sandy soil, water, Portland cement.

For the production of the studied soil–cement samples it was used loess, yellow–
brown, hard loam. The soil had the following characteristics: soil moisture 14%,
plasticity limit, Wp—0.25; yield strength WL—0.37; the density ρ = 1.72 g/cm3.

For the preparation of soil–cement samples it was used hydrocarbonate-calcium
water, slightlymineralized, slightly alkaline, pH= 8, which does not contain harmful
impurities and microorganisms, which interferes with the normal hardening of
cement.

The experiment is carried out as follows: cement and water mixed to obtain
“cement milk”. The amount of cement was taken as 20% by weight of dry soil
for all series of tests. The W/C was taken as 1. Then to the cement mortar was added
fly ash, then obtained mixture was blended with soil. The study is carried out for the

Fig. 1 General view of the
components of the mixture:
1—loam loess disturbed
structure of natural humidity;
2—fly ash of the Mikolaev
CHP

1 2
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amount of fly ash of 5, 10 and 15% of the amount of cement. The prepared soil–
cement mixture was mixed to a homogeneous mass for at least 5 min. After mixing,
the soil–cement mixture is inserted into cylindrical molds with a diameter of 2,8 cm
and a height of 3,5—4 cm.

Prior to testing, the samples were stored immersed in water for 28 and 90 days to
gain strength. The tests were carried out in accordance with DSTUBB.2.7-214:2009
as for concrete, taking into account DSTU B B.2.1-4-96. The tests were performed
for 6 samples in each series.

The test results of the compression samples at the age of 28 and 90 days are shown
in Table 1.

The cracks that preceded the final destruction of the samples were mainly vertical
in nature (Fig. 2). The samples studied are subject to brittle fracture. Sample cracks
when applying a vertical load usually occurred in local areas of high stress concen-
tration. The decisive role in the destruction process was played by microstresses
that occurred in the soil–cement element during the application of step load. The
primary cause of microstresses is microhomogeneity and microanisotropy of the
structure. Plastic deformation developed mainly in the sliding planes, while most of
the body volume continued to work elastically beyond the yield strength. Uneven
plastic deformation led to the development of uneven fields of microdeformations
and microstresses of turbulent nature. The presence of such strong energy concen-
trators contributes to the formation of microcracks, the number and size of which
increase as plastic deformation continues. This process of accumulation of damage—
the process of plastic loosening—is the first stage of destruction. Further growth of

Table 1 Characteristics of compressive strength of soil–cement samples with the addition of
furnace dust (at the age of 28 and 90 days) with coefficient of variation υ

Average compressive strength, MPa Without additive With the addition of fly ash

5% 10% 15%

R28/ υ 2,78/0,30 3,64/0,11 3,17/0,11 3,13/0,09

R90/ υ 3,06/0,28 3,91/0,13 3,40/0,08 3,33/0,08

Fig. 2 General view of the
soil–cement sample, which
is soaked in water for
28 days with the addition of
5% fly ash after application
of the load
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the crack during compression of the element is explained by the fact that it creates a
concentration of stresses at its edge. The development of cracks leads to the destruc-
tion of the sample. Fragile fracture is characterized by a sharp, often branched crack.
The rate of propagation of a brittle crack is significant and sudden.

As a result of the research it was found that the average compressive strength of
the samples without any additive is 2,78 MPa at the age of 28 days and 3,06 MPa
at the age of 90 days; with the addition of furnace dust in the amount of 5%—3,64
and 3,91 MPa, respectively. Blaschuk N.V. and Maevska I.V. (2017) also noted an
improvement in the compressive strength of soil–cement with the addition of a small
amount of Ladyzhinskaya CHP fly ash (3,4—15% of soil weight) [6].

As we can see from Table 1, the test results of soil–cement samples for compres-
sion at the amount of furnace dust additive 5, 10 and 15% are almost the same.
Therefore, it is necessary to increase the range of additives and to study soil–cement
samples.

According to the results of research it is established that with increasing of the
hardening period of samples in water up to 90 days increases the average compres-
sive strength of soil–cement samples without additives and with the addition of the
appropriate percentage of removal ash by 6–9%. For example, the average compres-
sive strength of samples at the age of 90 days is 7.5% higher than samples at the age
of 28 days.

Research is of great importance in the construction of structures made of soil–
cement elements, waste storage, protective screens. One of the main indicators that
must have the material used in the construction of waste storage—water resistance,
sufficient strength and durability. Soil–cement is a waterproof material, its porosity
is mostly closed, and the filtration coefficient compared to natural soil is reduced
by 10,000–100,000 times [9]. According to the results of research, an increase in
the average compressive strength of soil–cement elements over time in an aqueous
medium, which increases durability. That is, soil–cement with additive of fly ash is
recommended for the construction of protective screens and waste storage in flood
conditions.

The following construction of waste storage is offered. On perimeters of the
planned storage the monolithic vertical watertight diaphragms like “wall in the
ground” from soil–cement elements is constructed (Fig. 3). It is offered to arrange
soil–cement elements with addition of 5% by weight of ash of removal of the Miko-
laev thermal power plant. This improves the compressive strength and durability
of the structure and it will allow to dispose of waste from fuel combustion CHP.
It is recommended to build soil–cement elements according to boring-mixing tech-
nology. The distance between the elements in the axes should be equal to 0.8d (d
is the diameter of the soil–cement elements) [10–15]. This method allows you to
loosen the soil without removing it. At the same time, a cement slurry is injected into
the loose soil with the addition of fly ash in the amount of 5 wt.%. After that, mixing
and compaction of the soil–cement mixture is performed. An important factor in the
design of the storage is the choice of the location of the storage, provided that there is
a waterproof layer at the optimal depth from the surface (8–20 m). Water-permeable
layers can be located above it.
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Fig. 3 Waste storage
scheme

3 Conclusions

As a result of the researches it is established that the average compressive strength of
the samples that were kept inwater increaseswith time. In particular, the compressive
strength of samples at the age of 90 days is 7.5% higher than samples at the age of
28 days.

The average compressive strength of the soil–cement samples with the addition
of Nikolaev CHP fly ash with a fraction of inclusions up to 4 mm in the amount of
5% increases by 30%.

The use of Mikolaev CHP fly ash as a mineral additive in the soil–cement
elements production in the amount of 5%byweight of cement increases the compres-
sive strength. This expands the range of applications of soil–cement elements and
increases their efficiency. Soil–cement with additive of removal ash is recommended
for the construction of protective screens and waste storage in flood conditions,
because the average compressive strength increases over time.

However, in the production of soil–cement, the rheological properties of fly ash
are important, especially the high fineness of grinding, favorable fractionation and
the shape of its particles.
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Logistic Component of Regional Waste
Management Systems Efficiency
Improvement

Viktor Bredun , Natalia Smoliar , and Ahmad Sarkarli

Abstract The article is dedicated to development of current comparative analysis
methods of different types of garbage trucks using effectiveness in logistics schemes
of solid waste collection during their planning, adapted to regional conditions. The
priority of regional approach to planning of solid waste management systems within
the framework of wide implementation of regional waste management programs in
Ukraine, which provide organization of solid waste collection in both urban and
rural settlements, is substantiated. Factors influencing the choice of a garbage truck
are considered, the role of the limiting logistical indicator is noted. A number of
methods for determining the effectiveness of planning regional logistics schemes for
solid waste collection are analyzed. The requirements to the criteria of specialized
equipment use efficiency are given. The system of indicators is proposed for current
analysis of logistics scheme technological efficiency of solid waste collection during
planning, adapted to regional conditions and based on the use of indicators calculated
directly in the planning process, characterize the scheme technological rationality,
are easy to be calculated and can be applied under conditions of existing regional
design specifics.

Keywords Solid household waste ·Waste management · Regional logistics
systems · Choice of garbage truck · System of indicators · Efficiency · Ecological
safety

1 Introduction

In the current conditions of growing anthropogenic load on the environment, the
problem of the mankind ecological safety is quite acute, thus one of the areas of its
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solving is developing an appropriate waste management systems. Many countries in
theworld have gained experience in this field, yet inUkraine themost commonwayof
waste management is their storage in open areas, which causes environmental pollu-
tion and biota destruction. According to the unanimous opinion of scientists dealing
with waste management, the only and most acceptable way of waste management is
their processing at the factories and use as secondary raw material in the future [1].

Issues related to collection, disposal and burial of production and consumption
waste are relevant for almost all regions of Ukraine. Collection, transportation and
burial are interrelated stages of the process of settlements sanitation together with
mechanisms of rational use of nature and environmental protection constitute an
urban system ecological safety system. From economic and environmental point of
view organization of valuable raw materials extraction from solid waste (SHW) is of
no less importance. This is evidenced by experience of advanced countries around
the world, where separate collection of SHW has long become the norm.

The efficiency of SHW collection systems, in particular separate one, is largely
ensured by the use of modern technological equipment within implementation
of environmentally, technologically and economically sound logistics approaches.
Regional waste management programs have recently been widely implemented in
Ukraine. However, today there is almost no separate collection of SHW in rural
areas of Poltava region, and most of the garbage trucks fleet has long been morally
and physically obsolete. Therefore, efficiency improving of regional waste manage-
ment systems through rational planning of the logistics component using modern
technological means is an urgent task.

The purpose and objectives of the study is to increase the efficiency of regional
waste management systems through logistics component rational planning using
different types of garbage trucks during their planning.

Object ofResearch: logistical and technological aspects of rational SHWcollection
planning and transportation systems.

Subject of Research: the role of the garbage truck fleet species composition in
ensuring logistical and technological efficiency of the processes of SHW collection
and transportation, ways of multi-section garbage trucks possible use for the needs
of amalgamated territorial communities of Poltava oblast.

Methods of Research. When reviewing existing analysis methods of the use of
garbage trucks technological and logistical efficiency, themethods of system analysis
were used. Determining the factors influencing technological efficiency of the use of
garbage trucks in specific territorial conditions was based on the use of factor anal-
ysis methods. Development of a system of indicators for t current analysis of logis-
tics scheme technological efficiency of SHW collection during planning, adapted to
regional conditions, methods of structural-logical synthesis are used.

Formulation of the Problem in General. The structure of specialized vehicles
fleet according to capacity and method of loading must best meet the distribution of
requirements for the disposal of solid household waste (SHW), ensuring quality and
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timely work performance. Also, in terms of necessity of re-equipping an enterprise
with other brands of garbage trucks, it is required to determine the most effective
area of existing fleet of new specialized vehicles application.

Discussion of Research Results. The work of garbage trucks can be considered
highly efficient provided it completely and in a timely manner in respective condi-
tions ensures implementation of tasks with the minimum possible resources spent.
Thus, efficiency criteria must contain parameters and characteristics that take into
account the purpose, results of the use of and the system operating costs. The main
purpose of garbage trucks efficiency indicators is that they should be critical as for
their parameters, be quite simple to quantify, be universal and enable performing
comparative analysis.

Most often, as criteria for solving the problem of SHW transportation efficiency
improving, are used indicators that characterize special equipment transport effi-
ciency. Significant fluctuations in the volume of SHW generation are important
in the process of garbage trucks operation. The choice of garbage trucks is influ-
enced by technical and operational properties of trucks. For the optimal choice of
garbage trucks it is expedient to substantiate a number of indicators and perform
a comprehensive comparative analysis of the project options for SHW collection
system.

Thus, for example, the term of solid waste disposal is defined by local sanitary-
epidemiological service authorities of Ukraine and can range from 1 to 3 days.
Working time of the garbage truck driver should not exceed 12 h, the distance of
places or objects of SHW disposal from the places of their generation should not
exceed 50 km. Despite these limitations, it may be affirmed regarding possibility and
feasibility of using garbage trucks of such a capacity at which transport work will be
performed with the lowest operating costs. In cases of restrictions on the condition
of disposal, time of work or anything else, it is logical to use garbage trucks with the
highest hourly productivity. If for quality and timely waste disposal there is a need
to use garbage trucks with the highest hourly productivity along with garbage trucks
with the lowest cost of transportation.

In the research dedicated to an issue of improving the garbage trucks work orga-
nization, the number of indicators characterizing various aspects of its functioning
are noted [2, 3]. Most often, as criteria for solving the problems of transportation,
indicators that characterize sectorial or economic efficiency of the transport system
are used. All these indicators are quantified, and according to their nature can be
attributed to either natural or value ones. Natural indicators are recognized as deriva-
tives for the calculation of cost, i.e. cost indicators are more general estimates of the
transport work organization.

Important factor in the process of garbage trucks work is a significant fluctuation
in the volume of traffic on one route during aweek andmonths of the year. At the same
time, the daily volume of traffic is detected only during the movement of the garbage
truck on the route, which virtually eliminates the possibility of operational routing
of traffic. A small amount of garbage arrivals leads to inefficient use of the vehicle,
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while excessive arrival leads to excessive hours of the garbage truck operation on
the route. This requires solving two interrelated problems of transportation routing
and justification of the choice of garbage truck for transportation. The choice of
a garbage truck is influenced by technical and operational properties of the car,
town-planning (dimensions of passages, location of sites with garbage etc.) and
technological (coordination of technicalmeans,multiplicity of the sizes, arrangement
of containers etc.) factors. At this regard at the initial stage of designing, classification
of the city areas on such indicators as population and features of housing is provided.

Characteristics of garbage truck operation on the route are determined by the
vehicle operation modes. Traffic on the route involves performing of the following
operations at each race: acceleration, movement at a constant speed, braking,
maneuvering, performing cargo operations.

Due to the closure of landfills near cities, there is a problem of using two-stage
technology for their removal,which involves use of transshipment and sorting stations
and transport garbage trucks. In the scientific literature, the transport of such tech-
nology is practically not covered. Therefore, the problem of determining the scope
of this technology needs to be solved. Its solution is possible through comparing
the cost of SHW collection with garbage trucks and the cost of removal, taking into
account the costs associated with reloading from garbage truck to transport one.
In addition, for this technology it is necessary to calculate the optimal number and
location of transshipment stations in the city as well as requirements for transport
garbage trucks.

One of the components of garbage trucks efficiency is quality of the territory
cleaning. There is a system for assessing the level of garbage trucks quality, which
included application of cumulative scoring for each crew of garbage trucks and
cleaners.

The choice of vehicles is made on the basis of criteria substantiation: cost of the
garbage truck, fuel consumption, bulk capacity, type of loading, existence of the
pressing installation and type of fuel.

Based on the practical experience of designing local and regional schemes of
the territories sanitary cleaning [4–6], we have established a number of general and
regionally determined principles of garbage trucks choice, providing construction
of technologically and ecologically efficient logistic component of regional systems
SHW management:

1. Adequate choice of specialized transport plays a primary role in creation of
rational systems of SHWcollection within individual settlements, amalgamated
territorial communities or districts of the region.

2. The choice of a garbage truck is influenced by technical and operational prop-
erties of the car, town-planning (dimensions of passages, location of plat-
forms with garbage etc.) and technological (coordination of technical means,
multiplicity of the sizes, arrangement of containers, etc.) factors.

3. Under availability of different types and brands of cars for performing certain
types of work, it is necessary to comprehensively consider the use of the most
efficient vehicles according to certain criteria, including their type, which will
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most completely meet the operating conditions. One of the factors influencing
the change in the efficiency of garbage trucks is the speed of movement, which
is significantly affected by road conditions.

4. Different possibilities of the main types of waste processing, generated in the
field of municipal responsibility should be organizationally and technologi-
cally connected so that as a result the integrated concept of of all spectrum of
waste processing taking into account local features and requirements within the
corresponding territorial structure was realized.

5. An important role in choosing the type of garbage trucks has a limiting logistical
and technological factor, which is largely determined by the adopted system of
SHW collection.

6. In areas of private construction with installed private containers, the limiting
factor in route planning is a number of SHW loading operations from containers
into the hopper of the truck. The volume of waste on the route is equal to 4–
11 m3. This necessitates the use of low-volume garbage trucks. In apartment
buildings areas, the limiting factor in route planning is the amount of SHW
removed on the route. At the same time, it is rational to use garbage trucks with
large bunkers. Such circumstances require a high-quality garbage trucks fleet.
In terms of route sections combination it is possible to achieve a certain level
of its unification.

7. One of the most important technological factors is also the efficiency of the
garbage truck compaction system, bulk capacity and fuel consumption.

8. Often, themost effective is use of garbage truckswith universal gripping devices
to work with containers of all types.

9. When designing logistics schemes for SHW collection for amalgamated terri-
torial communities of Poltava oblast, there is a possibility, as well as technolog-
ical, logistical and economic feasibility of using multi-section garbage trucks
to organize separate SHW collection.

One of the most important conditions for ensuring the logistics processes effi-
ciency in SHW management systems is analysis of technical and logistical system
parameters at the design stage. There are a number of methods for determining the
effectiveness of planning logistics schemes for SHW collection, each of which has
its own scope, advantages and disadvantages.

Thus,methods described in [7–9] are designed to analyze the efficiency of garbage
trucks in a large city. The main criterion is the maximum distance of transportation
when comparing two vehicles.

In modern conditions of Ukraine, large cities mostly have sanitation schemes.
The most urgent task nowadays is development of these schemes for small towns,
urban-type settlements and villages. The current trend in the development of the terri-
tories administrative structure is unification of small settlements into amalgamated
territorial communities. Often in such territorial structures the linear dimensions of
settlements are smaller than distances between these settlements. Thus, they cannot
be considered as a single urbanized area. Logistic system of SHW collection in this
case is a complex of separate low-productivity (with insignificant daily volumes of
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waste generation) collection sites, united into a single network. In such cases, the
structure of route planning within the settlements has little effect on overall length
of the route. Correspondingly, the maximum distance of transportation, considering
the degree of the garbage truck loading and the duration of the work shift may not
always be a criterion for optimizing the choice of vehicle.

Themethod ofmathematicalmodeling of the logistics scheme individual elements
[10] is based on the analysis of a significant amount of statistical and design informa-
tion. This is both advantage and disadvantage of this method. On the one hand, this
allows taking into account all the technological and economic aspects of design, on
the other—requires significant computing resources and time as well as availability
of an extensive database. In terms of logistics schemes practical design, considering
regional conditions, this can significantly slow down the design process and affect
its rationality.

The energy model of optimizing the use of garbage trucks [11] is based on the
principle of minimizing energy consumption for route maintenance. This technique
enables to quite meaningfully analyze technological aspects of design. However, this
principle cannot always be fully applied due to the regional specifics of architectural
and planning constraints (availability and quality of the road network, the possibility
of transport, such as in sanitation projects [5], features of economic administration
of sanitation scheme [6].

Economic approach to solving the problem of choosing technical means [12–
18] is quite compact, which allows quickly use it as a test at the planning stage of
logistics scheme every route. Still it is of generalizing nature and does not detail the
influence of each technological parameter of the scheme on its final efficiency, which
is necessary in the design process.

Therefore, we have proposed a system of indicators for the current analysis of
logistics scheme technological efficiency of SHWcollection while planning, adapted
to regional conditions.

Ideology of this system of indicators development is use of those parameters that
are calculated directly in the planning process, characterize the scheme technological
rationality, are easy to calculate and can be applieed in the existing regional specifics
of design.

Under such approach, the criteria for specialized equipment use effectiveness
should include parameters and characteristics that take into account purpose, results
of use and costs on system operation. Natural indicators are more specific, cost ones
are more general.

The efficiency of logistics scheme organization is determined by twomain compo-
nents: efficiency of the use of technological equipment and efficiency of move-
ment along the route. The main technological equipment in the logistics scheme
are garbage containers and garbage trucks. Efficiency of container fleet use can be
expressed in terms the average containers filling coefficient:

Ccf = VSHW/Vcont (1)

where VSHW is volume of SHW to be taken out on the route at one run;
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Vcont is a total volume of containers set along the route.
The closer the coefficient value to 1, the higher the efficiency.
Freight efficiency of the truck fleet can be expressed in terms of average hopper

filling coefficient

(2)

where Cpr is a real coefficient of SHW pressing in the truck hopper (obtained
through calculation);

Cpm is a maximum coefficient of SHW pressing in the truck hopper (according to
the truck passport data).

The closer the coefficient value to 1, the higher the efficiency.
Rationality of route planning according to the number of loading operations

characterizes the efficiency of loading operations coefficient

Clo = VSHW/Qlo (3)

where Qlo—quantity of loading along the route.
The higher the indicator value, the higher the efficiency.
Efficiency of the garbage truck planned stops using along the route to perform

loading operations is characterized by the stops using efficiency coefficient

Csu = 1− (
Qstop/Qlo

)
, (4)

Where Qstop is a number of stops along the route.
The closer the coefficient value to 1, the higher the efficiency.
Efficiency of the road network and the optimum speed mode of the garbage truck

movement is characterized by coefficient of mainstream fuel consumption

Cmfc = Bfuepas/Bfuereal, (5)

where Bfuepas—linear fuel consumption are passport data for the vehicle serving
the route;

Bfuereal—linear fuel consumption are real for the vehicle serving the route.
The closer the coefficient value to 1, the higher the efficiency.
The relative technical and economic indicators of logistics scheme planning

efficiency include:

– specific distance coefficient

Cepd = VSHW/Sr, (6)

where Sr is an extension of the route;
– specific fuel consumption coefficient
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Cfpe = VSHW/Btotfuelreal (7)

where Btotfuelreal—total fuel consumption along the route;
– specific time factor coefficient

Crtpe = VSHW/trt (8)

where trt—route transition time.

The higher this group value, the higher the efficiency.
This system of indicators for the current analysis of the SHW collection logistics

scheme technological efficiency while planning is adapted to regional conditions.

2 Conclusions

The regional waste management system must have the following main properties:
economic and technological efficiency and high level of environmental safety of
technological processes. One of the ways to ensure these characteristics is optimal
organization of the logistics process, based on a scientifically sound choice of
specialized transport and routing of SHW flows, taking into account regional condi-
tions. Under current conditions of urbanization, demographic, socio-economic and
administrative-organizational structure of the regions of Ukraine, the process of plan-
ning logistics schemes for SHW collection as structural components of regional
waste management systems, currently has no perfect methodological mechanisms.
An important aspect of ensuring technological efficiency and environmental safety
of SHW collection systems is forecasting system parameters at the planning stage,
which is based on the principles of inseparable unity of all elements of technolog-
ical efficiency and environmental safety mechanism, as well as the primary logistics
component.
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Lexical and Semantic Features of Foreign
Building Terms

Liudmyla Cherednyk , Olena Balatska , Sadagat Valiyeva ,
and Oksana Vorobiova

Abstract The article investigates current problems of lexical and semantic features
of some terms in the field of building and architecture. As a result of the anal-
ysis carried out, it has been established that in Ukrainian terminology of building
and architecture there are many words of foreign origin, which were borrowed into
Ukrainian due to intercultural communication and commodity exchange. External
sources of enriching building terminology include borrowings from Latin, German,
French, and Italian. It should be noted that the balance between their Ukrainian
names, conceptual content and etymological reference is observed in terms. The
standardization of term nomination is determined on the basis of its compliance with
productive word-forming, morphological models of the modern Ukrainian language.

Keywords Term · Terminological system · Terminology · Etymology · Semantics

1 Introduction

At the present stage of development it is impossible to do without terminology in
any field of human activity. Term nomination is a purposeful creative process.

Modern Ukrainian terminology is a relatively stable, traditionally established
lexico-semantic system which can be said to be in a state of continuous development
and gradual improvement. The development of terminology is caused by factors of
socio-political, professional and linguistic nature.

It should be noted that the process of branch term system formation is quite long
and complex. Leading domestic and foreign scholars devote their research studies to
the problems of clarifying not only the emergence of the term and its development,
but also to its place in the language system.Due to rapid development of various fields
of science and technology, there is a need to organize and unify terms for ensuring
more effective communication between professionals from different countries.
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In addition, the issue of typology of branch term systems, their classification and
characteristics is also important. Research papers by many famous scientists are
devoted to the study of these issues, among which are the works of Yu. Safonova, I.
Myronets, O. Kvasnitska, Ye. Komar, V. Oliukha, A. Matviichuk, V. Yevteiev, and
others.

Empiricalmaterial source basis of the research is formed by terminological corpus
taken basically from specialized dictionaries of building and architectural terms,
definition and etymological dictionaries [3, 5, 7, 13–16] as well as from the works
by scientists whose research interests focus on various current construction and
architecture issues [8–10, 12, 19–24].

The articlewaswrittenwith the purpose of analyzing lexical and semantic features
of foreign terms in building and architecture, aswell as their etymology and structure.

2 Results

Structural and semantic studies of lexical taxonomy, namely terminological systems,
including the one of building and architecture, has a long and though-provoking
history [3–5, 14, 16–18].

It is certain that scientists date back the origins of building and the onset of
architecture to the days of the primitive communal system (about 10 thousand years
BC), when the first man-made dwellings and settlements were made. This type of
human activity is closely connectedwith the history of human society.Ancientmaster
builders left behind magnificent buildings that still amaze mankind. Among them
are the Egyptian pyramids, the monumental and cult buildings of the Aztecs, the
temples of ancient Greece and Rome, and more. In his novel “The hunchback of
Notre-Dame”, the famous French writer V. Hugo wrote that architecture is a stone
chronicle of mankind [6, p. 165]. One cannot disagree with it.

In general, construction professions (stonemasons, stone setters, masons, carpen-
ters, stove-makers) were among the first in the world. Accordingly, building vocabu-
lary is considered to be one of the oldest. Scientists believe that there are many words
of foreign origin among Ukrainian building terms. The lexical and semantic aspect
of the study of this problem indicates that the ways of entry of terminological units
into the Ukrainian language were different, the most often it was carried out due to
industrial and trade relations.

Needless to say, many words changed their meaning in the process of develop-
ment. For example, in our opinion, the word apxitektypa “architecture” is inter-
esting. It is well-known to be of Greek origin (αρχιτεκτονικη). It meant originally
“building” and “construction” [16, p. 58]. Morpheme analysis of the word helps
to understand how these words differ. Thus, the term apxitektypa consists of
two morphemes: apxi- “main”, “higher degree” and tektypa “construction” [16,
p. 59]. It is now clear why architecture is considered to be building art, which began
with the construction of ancient repositories, religious buildings, and then devel-
oped into construction of amazing cultural monuments. It also started to denote
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artistic decoration of the building, its character or style. As we can see, these two
words acquired a separate meaning in the process of their existence. However, in the
modern Ukrainian language the synonyms of the term apxitektypa “architecture”
are the words bydivnictvo “construction”, bydyvann� “building” and zodqectvo
“architectonics” (marked “learned word”).

In construction of different periods, the word galepe� “gallery” is widely used
with the meaning of communication space, which has the form of a covered passage,
arch, colonnade and so on. It came into the Ukrainian language from French (French
galerie), where, in turn, it came from Italian (Italian galleria) [15, p. 344].

The curved stucture that spans the space between two supports (such as pylons,
pillars, columns) or the aperture in the wall and transmits not only the load but also
the strut, is called apka “arch” (from Latin arcus “arc”) [13, p. 10]. The term is also
used to denote any curved arch-shaped structure. An arch can be used as a structural
architectural element, e.g., above the door opening or gate, or as a purely decorative
element.

In addition, in the Ukrainian terminology of building and architecture, there
are terms with the headword apka, which consist of three or four components.
These are, e.g., attributive components that denote various features or proper-
ties. They can specify the meaning in terms of type of shape (apka podvi�na
goctpokoneqna “double pointed arch”); shape of the axis (apka cimetpiqna
kpygova “symmetrical circular arch”); material and type of construction (apka
depev’�na “wooden arch”+ apka klepna “glued arch”→ apka depev’�na klepna
“gluedwooden arch”);material and static scheme (apkadepev’�na “wooden arch”+
apka tpixapnipna “three-hinged arch”→ apka dpev’�na tpixapnipna “three-
hingedwooden arch”), etc. According toUkrainian linguist O. Petukhova, the forma-
tion of such compound terms ismainly because of the fact that “new industry concepts
appear that are difficult to terminologize with compact phrases” [11, p. 45] with the
development of a science. It is a coumpound term, which is able to most completely
reflect the necessary characteristic features of the notion being named [1].

Builders know that a part of the building that rises above the ground floor and
protrudes beyond the main part in the form of a glazed balcony of various shapes
(semicircular, triangular, quadrangular, polyhedral) is called epkep “bay window”.
This is a German term (German erker) and it means “lantern” [3, p. 75].

Recently, the word lod�i� “loggia” has become popular in everyday life. It
means the room covered and enclosed in plan on three sides and open to the outside.
This word is of Italian origin (Italian loggia) [3, p. 187].

The word koncol� “console” went a long way until it reached Ukrainian builders.
Its roots go back to the German language (German Auslegerm, Konsolef ). Later it
appeared in English (English console, cantilever), from there it went to the Russian
language (Russian koncol�) and only after a long time it appeared in the Ukrainian
language [15, p. 148].

The term fal�c or falec� “lock joint”, i.e. the type of seam used to connect the
sheets of metal roof, is of German origin (German Falz “fillitser”, “groove”, “lock
joint”, “gutter”) [7, p. 139].
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The history of the word mancapda “mansard” is also interesting. It is known
to be the name of the floor in the upper space, the facade of which is completely
or partially formed by the surfaces of a sloping or gambrel roof. This place was a
favorite of creative people, including writers and artists. In the world literature there
are even works with such a name, namely: one of the works by a modern Serbian
writer Danilo Kish is called “Mansarda: satirična poema”. The term owes its origin to
the French architect François Mansart, who proposed to use attic rooms for housing
in the XVII century. Accordingly, the concept “mansard” has French roots as it came
from the French word mansarde [7, p. 168].

A niche in the wall of the bedroom, separated from the rest of it and designed
to accommodate the bed, was also popular in the houses of the nobles of the XIX
century. It was called al�kov “alcove”. At present, alcoves are often used in habitable
rooms. Today, this word can mean a small dead-end room (usually without windows)
adjacent to the living room, or somehowenclosed small recessed parts of such a room.

The term emerged due to the Arabs. It is well-known that in Arabic the word “al-
kubbah” meant a tent. Later, through the Moors, meaning a bedroom or side room,
it came first in Spanish (alcoba), and then in other Romance languages, e.g. Italian
alcóve; French alcôve [15, p. 10]. Wolfram von Eschenbach, one of the greatest epic
poets of German medieval literature, borrowed it from Old French, where it took the
form of aucube, into Middle German, whence it spread among European builders.

In high-rise buildings constructed in the XVIII century as well as in the first half
of the XIX century, the upper part of the high room was divided horizontally into
two floors. Thus was formed antpecol� “mezzanine’, “entresol” (French entresol
“mezzanine”) [3, p. 28]. Sometimes they are made in modern homes and then they
become shelves used for storage under the ceiling.

In Baroque and Renaissance architecture, architects used abak “abacus” (from
Latin abacus “board”). This was the name of the upper plate of the capital of the
column, semi-column, pilaster. As a rule, in plan it has always had a simple quad-
rangular shape (Doric, Ionic, Tuscan orders) or a quadrangular shape with truncated
corners and concave sides (Corinthian and composite orders). As an element of the
capital, it can also be seen in semi-columns and pilasters. The abacus is known to
occupy an honorable place in the folk wooden architecture of Poltavshchyna and
Slobozhanshchina [13, p. 14].

In the architecture of late Renaissance and Baroque, architectural decoration
became widely used in the form of a spiral curl with a circle in the center. In
the Ukrainian language it was called vol�ta “volute” (Latin voluta, Greek κάλχη
“curl”, “spiral”). From ancient times, the circle in the middle of the curl was called
the “eye of the volute”. In the Corinthian order, the volute took on a slightly different
appearance. It started to resemble a branch of a plant that rises from the capital and
spirals when it encounters an obstacle near the abacus. Four large volutes (Latin
helices majores) support the abacus at its four corners. Two smaller ones (Latin
helices minores) get together on each side of the capital under the rosette, which
adorns the middle of the abacus. This architectural motif was a part of the Ionic
capital. It was also a part of the composition of the Corinthian and composite capi-
tals. In addition, sometimes architectural details that served to connect parts of the
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building were shaped as volutes, as well as the cornice consoles, portals, doors, and
window framing. In ancient Greek pottery, especially in the region of Puglia, there
were popular craters with volutes, which decorated high handles of the vessel.

The middle part of the capital was called exin “echinus”, which if translated from
the Greek word “echnnos” means “sea urchin” or “shell”. In the classical Greco-
Doric and Tuscan orders, this part was made in the form of a circular block that
bulges outward. In Roman Doric and Ionic orders, it was decorated with ionics,
or ova (from the Latin word ovum “egg”), i.e. ornamental ribbons depicting ovoid
bulges (ellipsoids) framed by fascias, and alternating with leaves and arrows. They
can usually be seen on capitals and cornices of classical Ionic and Corinthian orders,
etc.

As far back as in the architecture of the Ancient East and antiquity, koloni
“columns” (French colonne, Latin columna “pillar”) were used in the composition
of both the building facades and their interior space. A column is a vertical support
processed architecturally, which is as a rule round in cross section, the core element
of the building, load-bearing structure”, etc. [13, p. 110]. They often used columns
as supports for vaults and arches. Together with sculptures, the columns are built in
the form of separate architectural elements as monuments. An example you can see
on Maidan Nezalezhnosti in Kyiv, Ukraine.

Everyone knows that no building is possible without kapkac “frame”, which is
the supporting base, a kind of skeleton of houses, buildings, manufactured objects or
structures. Interestingly, the etymology of this term is closely related to the French
word carcasse “skeleton”.

Since ancient Greece, a building called bazilika “basilica” (Latin basilica from
the Greek word βασιλικη “royal house”) is well-known [16, p. 24]. Later, it became
the name of a public house intended for the court, with court hearings taking place
in the middle nave and trading being conducted in the side aisles. In ancient Rome,
basilicas remained public buildings (for court and stock exchange transactions). In
some time, the basilica turned into one of the main types of Christian church. The
first known basilica dates back to the II century BC (in Pompeii).

When the Roman Empire became Christian officially, this term also came tomean
an important Catholic church, which was granted this status by the Pope. So, today
the word has two meanings: architectural meaning and Catholic meaning.

As a rule, as far as architecture is concerned, basilica is a rectangular structure
in plan, divided inside into 3–5 parts called naves by rows of columns or pillars.
It should be noted that the middle nave, the highest one, is illuminated through the
windows above the roofs of the side naves and usually ends with a semicircular
protrusion—the apse (from the Greek word άψίς, Genitive ἁψῖδος “vault”; Latin
absis < άψίς) [15, p. 12]. The apses first appeared in ancient Roman basilicas. In
Christian churches, the word “apse” is used to denote the altar, which is usually
oriented to the east.

In the Catholic meaning of the word basilica, until recently there was only one
basilica in Ukraine, that is the Archcathedral Basilica of the Assumption of the
Blessed Virgin Mary (Lviv, Ukraine).
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In the construction of palaces, the ancient Assyrians used such a decoration
element of stairs, balconies, terraces, and gazebos, as bal�ctpada “balustrade”
(Italian balaustrata, French balustrade, from baluster “colonnette”, “fencing”, “rail-
ing”) [15, p. 8; 3, p. 16]. In fact, it was an enclosure made of figured columns, which
served as decoration at the same time. Due to their attractive appearance and func-
tionality, balustrades were introduced into architecture of Medieval Europe. Later
they were used to decorate furniture, including the backs of chairs and beds.

Traditionally, balustrades were made of wood, plaster, stone, and concrete. One of
the most popular modern materials for the production of balustrades is polyurethane,
which is a practical and durable material that ensures sophistication and beauty of
the form. It is worth noting that the balustrade is an all-purpose decoration element,
which effectively accentuates any architectural style. So we can say with confidence
that it will never go out of fashion. For instance, a baluster in the Baroque style will
make the overall design classic, and balusters in the style of minimalism will add a
touch of high-tech style to the overall design.

In the 16th century, green tunnels of late medieval and Renaissance gardens
appeared in France, which were often made of resilient willow twigs. For that
purpose, young willow or hazel shoots were intertwined around their tops, thus
creating a series of arches. Then they were connected to long planks along which
creepers grew. These were the so-called bepco “berceaux” (French berceau) [13,
p. 9; 3, p. 26]. They could have started to use this word for this purpose because of
similarity of appearance between the arches of the tunnel and the cradles (berceau).
In French, there is also a phrase voûte en berceau (“cradle vault”), which is also used
as an architectural term. It could also have been influenced by the consonant word
arceau (“small arch”), which comes from the word arc (“arch”, “bow”, “arc”). It
should be mentioned that the berceau can also both be an independent element of the
landscape, and serve as a transfer tunnel that connects individual gazebos, and park
buildings. The material for the frame of the berceau is usually metal or wood, but
sometimes they use brick pillars and even stone columns instead of typical supporting
structure. Placing a statue or flower garden at the exit of the shady berceau has a
special effect.

Pepgola “pergola” has a certain resemblance to berceau. It is a garden covering,
a structure made of many repeating sections of arches connected by crossbars to
protect the passage from the scorching sun. It can be both a separate building, and
a part of the building that covers outdoor terraces. In addition, pergolas are more
permanent architectural structures than berceaux. According to linguists, the Italian
word pergola comes from the Latin word pergula which means “roof”, “lean-to” [3,
p. 489]. It is well-known from the history of architecture that the pergola originated
in the south as a utilitarian house structure. It was built to support the vines and it
was a place for day rest simultaneously. The architecture of the pergola varies from
simple straight wooden structures of medieval monastery gardens to florid marble
columns of the XIX century and modern pergolas made of reinforced concrete. One
of the most beautiful elements of the pergola is the shadow pattern inside it.

As far as garden and park buildings are concerned, al�tanka “gazebo” is worth
mentioning. At first, this word was used to denote large balconies, then they started
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to use it for platforms, ledges and pergolas, where you can enjoy the view and the
landscape. As a rule, gazebos are open on all sides, but they can also be closed
(similar to pavilions). This word has Italian roots and originates from the word
altana which means “terrace on the roof” or “small shed” sometimes. The gazebo
has become a symbol of many cities of Ukraine, their landmarks, e.g.: Sumy gazebo
(Sumy), gazebo at VolodymyrskaHill (Kyiv),Mirror Stream—a gazebo and fountain
in Kharkiv.

In palaces of Baroque and Classicism and in houses of the nobles in the XIX–
XX centuries they often used anfiladi “enfilades” (French enfilade, from enfiler
“to thread”). The enfilade is the name of a suite of rooms aligned with each other,
whose doorways are located on one axis, due to which a through perspective of all
interiors is created when the door is open [13, p. 11; 3, p. 9]. In addition, the enfilade
may be formed by several courtyards located one after the other on the same axis
and connected by driveways or passages, or several squares connected by streets or
alleys. The enfilade can also be in the form of a circle or a curved line.

In medieval Western European architecture vimpepgi “gables” were popular
(German Wimperg from Windberg “protection from wind”) [13, p. 17; 5, p. 14]. A
gable is a high triangular pediment above the portal or window opening. A gable
originated from the abutting ends of houses with high double-pitch roofs. In Gothic-
style buildings, they accentuated the vertical orientation of the composition, i.e. that
of pointed arches and portals. Such forms first appeared in French architecture in
the late XII century and early XIII century as a result of using a temporary wooden
roof in the reconstruction of old Romanesque cathedrals. They covered the abutting
end of the building that helped to protect the interior from rains and winds. But at
the end of the XIII century, the gable turned into a decorative element. It was florid
with openwork carvings and sculptural details, steep profiled edges, and its top was
decorated with a finial. Sometimes a quatrefoil or “blind rose” of stained glass was
placed in the center of the tympan.

Besides, kvadpifoli� “quadrifolium” (Latin quadrifolium “four-leaf clover”), a
decorativemotif combining a square and a flowerwith four symmetrical petals, is also
interesting [16, p. 78]. It was widely used in European architecture, book miniatures
and sculptures belonging to different time periods and styles (Middle Ages, early
Italian Renaissance, Gothic, etc.). In order to decorate literary monuments, it was
used to separate episodes of the stories from each other.

From time immemorial, people have always been attracted by castles shrouded
in legends and mysteries. The origin of the word zamok “castle” draws attention as
well. It came from the Polish word zamek, where it, like in Czech zámek, is a calque
from the Middle High German slōZ (“castle”, “bolt”, “fortress”), and, in its turn, the
latter word is a calque from Latin clūsa (“castle”, “lock”, “fort”, “fortification”) [15,
p. 59]. That was the name of the building (or complex of buildings), which performed
both housing, and defense and fortification functions. In the most general meaning of
the word zamok “castle” is a fortified housing of the feudal lord in medieval Europe.
Many castles have survived to the present day and are recognized monuments of
history and culture.
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It is impossible to imagine ancient castles without expensive furniture, an integral
part of whose decoration was intapci� “intarsia” (from Italian intarsio), that is
a woodworking decoration technique; patterns of wood plates different in texture,
color, and cut into the wooden surface. Intarsia technique, like inlay, originated from
the Ancient East. In particular, it was widespread in Egypt. Craftsmen from ancient
Greece and Rome achieved incredible success in this field, making ornaments of
maple, boxwood, holly, ironwood and dogwood. It is interesting that this technique
is used in almost all the regions of Ukraine, it is especially widely used by amateur
craftsmen, especially in Prykarpattia and Zacarpattia.

Today, the word xale “chalet” has become commonplace for people of different
nationalities. It is known to be of French origin, although it has Latin roots (French
chalet from Latin cala “protected place”) [16, p. 186, 19, 20]. In ancient times, it
was the name of shelters for shepherds who herded flocks of sheep in the Swiss Alps.
In romantic parks of the XVIII century, the chalet is a garden pavilion in the form
of a country house, which brought a pastoral shade to the landscape. In the XIX
century, the interest in traditional wooden houses in the Swiss Alps grew among the
European nobility and bourgeoisie. Now, the chalet is perceived as a type of house
typical for folk architecture of the mountainous areas of the Alps, a kind of a small
cottage. With the development of tourism, chalets began to be perceived as holiday
homes, especially in Austria, the Alpine region (South Tyrol).

From long ago, people have built amazing structures that made it easier for them
to cross rivers. Of course, these were bridges. Initially, a bridge was just a log thrown
over the stream (such bridges are called footbridges). Then they started to use stone
as a material for the bridge. The first bridges of this type began to be built in the
era of slave-owning society. The ancient Romans achieved great success in stone
bridge construction, using vaulted structures as supports and cement, the secret of
whose manufacture was lost in the Middle Ages, but then rediscovered. Bridges (to
be more precise, aqueducts) were used to provide cities with water. It should be
mentioned that some ancient Roman bridges still function to this day. It is of interest
that this architectural structure has taken its rightful place in literature. The most
famous bridges in literary works are: “Le Pont Mirabeau” by G. Apollinaire, “The
Bridge of San Luis Rey” by T.Wilder, “The Problem of Thor Bridge” by A.K. Doyle,
“The Bridge Across Forever” by R. Bach, “The Bridges of Madison County” by R.J.
Waller, and others. The term mict “bridge” has Proto-Slavic roots: *most�, from
*mesti, *metati “to throw”. By the way, scientists believe that the bridge is one of
the oldest engineering structures of mankind.

3 Conclusions

The brief analysis of building and architectural terminology shows that the creation
of Ukrainian building terminology is subject to general word-forming language laws.

A significant number of building and architectural terms belongs to the vocabulary
of foreign origin. Many modern terms have a long history and were borrowed into
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Ukrainian from German, French, Italian and Latin as a result of intercultural and
commodity exchange.

Building and architectural terminology provides significant material concerning
modifications in semantic volume of borrowed terms.
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Development of Creative Economy
Objects as a Means of Industrial
Territories Revitalization

Andrii Dmytrenko , Oleksandr Ivashko , and Yulia Ivashko

Abstract The article considers the possibilities of using the creative economy
objects (i.e. refers to a range of economic activities which are concerned with the
generation or exploitation of knowledge and information) as a means of industrial
territories revitalization in the modern conditions of Ukraine. Based on a compar-
ative analysis of the development of the creative economy in Ukraine and other
European countries, it is determined that despite the insignificant role of the creative
economy in Ukraine now there are certain prerequisites for its further dynamic devel-
opment. The world and Ukrainian experience of revitalization of industrial territories
with placement of objects of creative economy, and also existing conceptual offers
concerning development of objects of creative economy in Ukraine is analyzed. It
is stressed that solving the problem of industrial areas revitalization is impossible
without the development of creative economy organization new forms, including art
clusters. The list of urban planning, organizational and financial, spatial planning and
engineering and design criteria for the selection of industrial facilities for conversion
into creative economy objects in the modern socio-economic conditions of Ukraine
is determined.

Keywords Industrial territories · Re-profiling · Creative economy · Art cluster ·
Art centre

1 Introduction

In recent decades, in many cities we can see the emergence of industrial areas that are
not used for their intended purpose and need revitalization, due to a range of factors,
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including socio-economic, scientific and technological, urban, environmental and
others. The closure of unprofitable industrial enterprises is an objective pattern for
countries that have entered the so-called post-industrial era, i.e. primarily for the
most developed countries in the world.

There are different approaches to the use of such industrial areas, some of which
involve the complete demolition of existing buildings and structures and the use of
areas for another function (usually residential), others—the preservation of at least
part of existing buildings and its adaptation to other functions. The second approach
is used in particular when the buildings and structures of non-operating enterprises
are monuments of industrial architecture, when the areas to be revitalized are located
near the historic city centre, and so on. One possible means of revitalizing indus-
trial areas with preservation of existing buildings is the deployment of objects of
so-called “creative economy” (i.e. refers to a range of economic activities which
are concerned with the generation or exploitation of knowledge and information).
According toHowkins [1, pp. 88–117] “creative economy” includes art, film industry,
music industry, performing arts, fashion, advertising, publishing, TV and radio, toys
and games, videogames, craft, design, architecture, research and development, soft-
ware. Some researchers not only note the importance of partnership and collaboration
across higher education institutions and the creative and cultural industries but also
consider the education industry as a part of the creative economy [2].

In general, the problems of preserving monuments of industrial architecture, revi-
talization of industrial areas (especially located near the central parts of historic cities)
and the development of new sectors of the economy, typical of the post-industrial
period are closely linked and need comprehensive research.

General problems of degradation of cultural heritage (including due to industrial
and domestic pollution, which is a significant problem for monuments of indus-
trial architecture) are studied in the work of Spiridon, Sandu, Stratulat [3]. The
development of creative industries in European countries was analyzed by Boix,
Capone, de Propris [4], Selada, da Cunha, Tomaz [5], in Ukraine—Skavronska [6].
Current trends in the revitalization of the urban environment and the role of art in
this process have been studied by Kashchenko, Kovalska, Gnatiuk [7]. The prob-
lems of revitalization of industrial enterprises are directly investigated in the works
of Kulikov, Dyomin, Chernyshev, Kuśnierz-Krupa, Krupa, Orlenko, Ivashko, Koby-
larczyk, Stefański, Gryglewski, Dmytrenko, Ivashko, Leshchenko, Tovbych [8–12].
Examples of revitalization of former industrial facilities in Lodz, Poland by placing
objects of the creative industry are covered in the works of Ugorowicz [13] Rawicka
[14] and Cysek-Pawlak [15]. General and specific problems of restoration of monu-
ments of industrial architecture are investigated in the works of Orlenko and Buzin
[16, 17].

At the same time, the issue of using the objects of creative economy as a means
of revitalization of industrial areas in Ukraine remains insufficiently studied.
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2 Main Part

2.1 Purpose of the Article

The purpose of the article is to formulate the criteria for the preservation of individual
objects of industrial architecture with the subsequent re-profiling of the objects of
the creative economy in the modern socio-economic conditions of Ukraine.

2.2 Research Methodology

Existing scientific sources, regulations and materials of their own research were used
in preparing the article.Methods of historical analysis and comparative analysis were
chosen as the main ones. The method of historical analysis allowed analyzing the
origins of problems related to industrial areas in the structure of cities and their
specifics in different cities, the method of comparative analysis allowed to analyze
the effectiveness of revitalization measures in different countries and new concepts
and draw conclusions.

2.3 Results

Socio-economic Preconditions. In European countries, the role of the creative
economy is constantly, albeit rather slowly, growing [18]. Thus, in 2018, 3.7% of
the EU population was employed in the creative economy [19]. The level of the
creative economy development varies greatly in different European countries. The
undisputed leader here is the United Kingdom, where in 2019 there were 5.3 million
jobs in the DCMS (Digital, Culture, Media & Sport) sector, which was 15.7% of the
total number of jobs [20]. Ukraine, along with Latvia and Bulgaria, are among the
countries with a low percentage of employees in the creative economy and a small
contribution of the creative economy to GDP. This situation is due to a number of
factors, but it should be noted that Ukraine has certain prerequisites for the develop-
ment of a creative economy, one of which is a high level of education, including a
significant percentage of people with higher education: 50.3% of Ukrainians under
30–34 have higher educational attainment rates (compared to 36.9% of EU’s citi-
zens) [6, p. 99]. This allows us to consider the location of creative economy objects
as one of the possible promising means of industrial areas revitalization in Ukraine.

Analysis of the World Experience of Industrial Territories Revitalization. The
study of world experience proves that with a sufficient level of investment, no design
and spatial planning features of revitalized industrial buildings can be an obstacle to
the re-profiling of the industrial enterprise under the objects of the creative economy.
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For example, in the re-profiling of industrial enterprises, perhaps one of the most
difficult tasks is the revitalization of old silos, as round shapes are the most difficult
to saturate with a new function. However, this did not prevent the conversion of silos
of the former malt production of the nineteenth century near Antwerp in Belgium
into a residential and public complex with a combination of residential apartments,
offices and exhibitions. Preserving the original form, the authors modernized it by
replacing it with glass parts. Another example of the conversion of grain silos to
a cultural object is the Zeitz Museum of Contemporary Art Africa in Cape Town.
Decommissioned in 1990, the silo is a monument of industrial architecture and was
once the tallest building in South Africa. After the revitalization, the area of the
museum with the atrium, galleries, roof garden, reading and exhibition halls and
maintenance is 9.5 thousand m2.

Given the decisive role of socio-economic factors, the analysis of the experience
of Poland, where the level of economic development in the 1990s was comparable
to the Ukrainian one, seems more relevant for Ukraine. The most striking examples
of the industrial areas revitalization are concentrated in the former centre of the
textile industry—Lodz, where almost all specialized enterprises were closed in the
1990s. In this city, the monuments of industrial architecture are the main part of
the historical and architectural heritage, so there are special requirements for their
preservation. A certain contrast between the image of the object and its function did
not repel investors and today in Lodz in the former factory buildings of red brick
are higher education institutions (Politechnika Łódzka), hotels (Andel), public and
shopping centres (Manufaktura), luxury hosing (Księży Młyn) and objects of the
creative industry, the most famous of which are Art_Inkubator, “OFF Piotrkowska”
and EC1 [10].

The Art_Inkubator complex provides a space for presenting educational initia-
tives, exhibitions and for activities that combine art and entrepreneurship. In 2012–
2013 three buildings placed in the area of the former textilewarehouses inWincentego
Tymienieckiego Street were adapted for this complex. The project was financed half
from the city budget and half from the EU funds [13].

“OFF Piotrkowska” is a multifunctional complex located in the city centre at
138/148 Piotrkowska Street, on the premises of the former spinning and weaving
mill of Franciszek Ramisch. Adaptation works in this area began in 2006. Now the
complex houses not only music clubs, restaurants, cafés and exhibition halls, but also
studios of architects, fashion and art designers [14].

The former power plant known as EC1 was renovated in 2010–2018. The oldest
power plant building (so-called EC1 East), built in 1906–1907, was turned into the
“City of Culture” complex, housing the National Centre for Film Culture, Plane-
tarium and exhibition spaces. EC1 West, consists of buildings from the interwar
period, They was adapted as an Interactive Science and Technology Centre—a
multifunctional museum-educational-scientific facility [15].

Analysis of the Experience of Industrial Territories Revitalization in Ukraine.
In Ukraine, old unprofitable enterprises are most often demolished in order to free
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up land for modern housing, office or shopping centres. Existing industrial facilities,
some of which belong to the listed objects, no longer meet modern requirements—
their territory is too large, the buildings are not designed for modern equipment; in
addition, the increase in traffic load in recent decades will lead to intersections indus-
trial and passenger traffic. Recently, experts pay attention to the rationality of the
approach to the preservation of existing industrial facilities, which in accordancewith
their purpose were built of durable materials and structures and are able to withstand
significant loads [8, 9, 12]. In addition, there were entrances and approaches to these
facilities, and appropriate engineering networks were installed. Such objects have
large areas and many floors of significant height. Many industrial facilities in Kyiv
have been demolished in recent decades (Kyiv Yeast Factory, Kyiv Refrigeration
Plant, etc.), some are leased to various tenants (Bakery and Confectionery, Sausage
Factory on Pavlivska Street), some are abandoned (separate buildings of Motor-
cycle plant, industrial shops on Telychka, former Richert plant on Kyrylivska Street,
elevator on Naberezhno-Khreschatytska, industrial shops on Rybalskyi Peninsula).

Preservation of historic industrial enterprises with their subsequent revitalization
has not yet become widespread in Kyiv. Among the implemented examples, the
most famous is the revitalization of the Darnytsia Silk Factory on the left bank of
the Dnipro River, which was built in 1947. The territory of the enterprise has been
in an abandoned state since the 1990s, until in 2001 the Darynok shopping complex
appeared in the former industrial buildings. Measures to revitalize the industrial area
continued in 2014 with the formation of exhibition and entertainment facilities “Art
Factory Platform” on the basis of buildings, which became the venue for festivals of
street food, concerts and “Courage Bazaar”—the first charity “flea market” in Kyiv.
In 2018, part of the buildings was repurposed as an office and business centre.

Another successful Kyiv example of revitalization is the UnitCity created in
2017—a campus for business development in the field of IT and creative industries
on the basis of the buildings of the Kyiv Motorcycle Plant.

The need for new forms of public leisure requires owners to create institutions
focused on the needs of the modern consumer. Terminological usage includes new
terms—“food hall”, “food market”. The food hall of Kyiv, Kyiv Food Market, had
opened in September 2019 and united more than two dozen Kyiv establishments in
the former premises of the Arsenal plant. The owners and organizers have linked
the name “food market” with the specifics of the newly created atmosphere of the
former industrial facility. Despite the fact that the exterior of the building has the
features of industrial architecture, the interior has been redesigned and renovated
with three levels (the first two floors—more than twenty different bistros and 550
seats for visitors, the third—for DJs). The peculiarity of such a food market (co-
founded by the owners of many restaurants) is that food is cheaper here, because the
food market combines all the services: from waiters and washing dishes to security
and the Internet and restaurants need less staff.

In addition to Kyiv, measures to revitalize former industrial enterprises were
carried out in other cities—in Lviv on the basis of the Plant of Radioelectronic
Medical Equipment (REMA), whose history begins with the factory of the Winter
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brothers (“ReZavod”), in Ivano-Frankivsk on the basis of the plant of industrial equip-
ment (“Promprylad. Renovatsiya”, with an area of 37 thousand m2), in Kharkiv on
the basis of the plant for sorting and storage of breeding crops “Soyuzsortnasin-
neovoch” closed in the 1990s—a modern IT hub with coworking and event spaces,
service sector “Fabryka.space”) and in Poltava (“Art Platform 11”). “Art Platform
11”is located in the former shop of the Poltava Turbomechanical Plant, areas of
activity are typical for the creative industry: educational, cultural, musical, entertain-
ment, art, creative, information (round tables, press conferences), space for work,
meetings.

Concepts of UsingCreative EconomyObjects asMeans of Industrial Territories
Revitalization in Modern Conditions of Ukraine. Despite the significant differ-
ence in the scale of former industrial buildings use to accommodate the creative
economy objects in Poland and Ukraine, there is something in common: the adapta-
tion of industrial buildings (especiallymonuments of industrial architecture) requires
large investments and large companies can be considered as investors (especially
foreign), municipal authorities or the state. One of the most famous projects of trans-
forming the Soviet-era defence enterprise located on the territory of the Old Pechersk
Fortress in a complex of historic buildings (1784–1803) into a cultural, artistic and
museum complex “Mystetskyi Arsenal” (“Art Arsenal”) was implemented primarily
through funding from the state budget. The vast majority of creative economy actors
both in Ukraine and in the world are small and medium-sized enterprises, which,
taken separately, do not require large areas for accommodation and for which large
investments in the redevelopment of existing buildings for their needs are irrational.

One of the ways to solve this problem in Ukraine can be proposed by O. Ivashko
to create the so-called “art clusters” and “art centres”, where there is a synergistic
combination of the potential of many small and medium-sized creative industry
objects and as a result of joint action of art clusters (where the art product is produced)
and art centres (where the product receives public expression) there is a holistic art
formation. An example of the application of this concept is the experimental project
developed by O. Ivashko for the art-formation of the former Richert brewery in Podil
at 35KyrylivskaStreet inKyiv. The functional filling of the facility after revitalization
was proposed on the basis of such creative objects of Lodz as “Off Piotrowska” and
“Art_ incubator”. The same applies to a certain change in the appearance of the
historic building, which contrasts with the modern added volume.

Among the experimental projects of re-profiling of Ukrainian industrial facilities,
we can also single out the revitalization project of the former Kyiv grain elevator
complex of 1950 on the 10 Naberezhno-Khreschatytska Street, near the Rybalskyi
Peninsula in Kyiv (author S. Reshetnyk, head of the project part J. Vig, head of
the scientific part Y. Ivashko). The need to preserve this complex with a change
in the original function is justified by the accent location in the structure of the
coastal part of the city near the Dnipro River and the structure of the building, which
consists of a reinforced concrete working tower 66.9 m high, two silos, connecting
bridges and gallery, receiving and pneumatic device for receiving grain. The author
proposed to repurpose the elevator complex just for the cultural and public centre
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with the presence of an exhibition area, catering area, educational area, recreation,
office and business area, sports and entertainment area. The modernization of the
former elevator buildings appearance with a contrasting combination of modernized
authentic buildings and the emphasized modern new buildings is provided.

Thus, summarizing the foreign and Ukrainian experience of industrial areas revi-
talization with the placement of creative economy objects, we can identify certain
criteria for the selection of revitalization.

1. Industrial areas located near the central parts of cities, highways, on the compo-
sitionally significant parts of the urban landscape are the most suitable for revi-
talization with re-profiling as objects of creative industry. The most justified is
the re-profiling of industrial facilities in large cities, which provides an influx
of visitors and tenants.

2. Industrial buildings recognized as architectural monuments usually need
restoration in addition to changes in use. This significantly increases the cost
of redevelopment and requires the involvement of investors or large companies
(usually, in this case, in addition to the creative industry, the complex may also
include housing, shopping and entertainment centre or other highly profitable
facilities), or use the funds local and state budgets, grant funds of international
organizations, etc. The experience of Lodz shows that from the point of view
of the local community long-term interests, the revitalization of the industrial
architecture monument with the placement of creative economy objects is a
profitable investment that helps increase the tourist attractiveness of the city,
create new jobs and renew urban infrastructure.

3. In the absence of large investors and the conversion of industrial facilities into
the creative industry objects by means of formation on their basis art clusters
and art centres the buildings of former food and light industry enterprises with
a floor height of not more than 4.8 m, not entered in the state register of archi-
tectural monuments, are the most suitable. This will minimize the buildings
redevelopment cost.

4. An important issue is to minimize operating costs when using repurposed facil-
ities. In Ukraine, it is especially important to reduce heating costs. A combined
approach to the installation of heating systems is appropriate, when buildings
with a large internal space, periodically or occasionally used for short-term
activities, can be heated only during these activities (air heating, use of infrared
emitters, etc.). The constantly heated internal volume should be minimized.

2.4 Scientific Novelty

The scientific novelty is to determine the list of urban planning, organizational and
financial, spatial planning and engineering and design criteria for the selection of
industrial facilities for conversion into creative economy objects in themodern socio-
economic conditions ofUkraine. The important role of a fundamentally newdirection
of revitalization based on the interaction of creative industries with the emergence of
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art education based on the addition of the functions of the art cluster (production of
creative product) functions of the art centre (public presentation of creative product)
is emphasized. This is especially important, given that the scientific concept of “art
cluster” and its content has not yet been formed.

2.5 Practical Importance

The defined selection criteria can be used by local governments, government agen-
cies of cultural heritage protection, potential investors and design organizations in
creating projects for industrial facilities revitalization by re-profiling them as objects
of creative economy, and understanding art education as a harmonious combination
of two components—the one which produces the product and the one which publicly
presents it will allow to bring the theoretical basis under the term “art cluster” and to
ensure the economically justified functioning of such art formations of a new type.

3 Conclusions

Converting non-functioning industrial facilities into creative economy facilities can
be considered as one of the promising ways to revitalize industrial areas in Ukraine.
The main factors influencing the choice of revitalization objects are: the location of
territories in the city structure; the list of potential investors and users; the monu-
ment protection status of objects located in the territories proposed for revitalization;
spatial planning and engineering features of industrial buildings and structures to
be repurposed. Solving the problem of industrial areas revitalization is impossible
without the development of creative economy organization new forms, including art
clusters.
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rooms in solving these problems should provide control and reduction of particles and
microorganisms and gas inclusions in the air. Construction and finishing materials
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tion rates of microparticles for different classes of clean rooms are presented. The
specific physical, chemical and structural properties of cleanroom envelope elements
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repair ability. We have presented the visual method of microparticle counting by the
optical setup. The registration of particles in them occurs due to the overlap of the
light flux from the laser when passing the sample through the measuring cell. The
microparticles obtained from a machine with the HEPA filter are used for investiga-
tion with digital and optical microscope systems. High resolution optical microscope
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1 Introduction

Clean rooms are the necessary requirement for the further development of humankind
in such areas as microelectronics, pharmaceuticals, biotechnology, medical devices
and the space industry [1]. Cleanroom technology in solving the problems has to
provide the control and reduction of particles andmicroorganisms and gas inclusions
in the air.

Cleanroom construction is carried out in accordance with the relevant clean-
room design standards [2–6]. Construction and surfacing materials must meet the
requirements established for clean rooms of the corresponding class [7].

Air conditioning systems for clean rooms must supply a certain amount of clean
air in order to maintain a given level of cleanliness of the room. The air is supplied to
the clean rooms in such away as to prevent the formation of stagnant zoneswhere dust
particles can settle and accumulate. To provide air conditioning for pharmacological,
medical or other purposes, balanced ventilation is the most often used.

2 The Problem Statement

Along with increases in the volume of construction in the world of healthcare facili-
ties, laboratories and enterprises for the production of microelectronics, drugs, etc.,
the demand for ventilation systems for “cleanrooms” has sharply increased. Large-
sized flat and spatial rod systems are widely used in industrial and civil construction.
For such rod systems, it is necessary to carry out the calculation according to the
deformed scheme taking into account their geometrically nonlinear behavior [8, 9].

Cleanroom walls are built either by construction on site in the usual way (the
same as used in civil or industrial construction), or by assembling prefabricated
elements are connected to each other in place. The materials used in the construction
of cleanrooms should be selected by taking into account that they will not generate
airborne contaminations to keep the purity of the product.

Decision-making support system allows to define criteria for optimal parameters
of the construction taking into account its cleanliness level, lifetime and profitability
[10]. So, the development of such a system is an urgent task for the cleanroom air
control.

2.1 Cleanroom Standards

In Ukraine since 2009 the requirements for clean rooms are generally described
in the standard DSTU [2–5]. These standards are specified air cleanliness classes,
requirements for control andmonitoring to confirmcontinued compliance, associated
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Table 1 The values of the maximum particle concentration and viable microorganisms number for
4 classes of cleanrooms in accordance with GMP

Cleanroom
class by GMP

Maximum concentration of particles,
particles/cubic meter, with sizes equal or larger
following values, µm

Maximum quantity viable
microorganisms per m3

Equipped cleanrooms Operating cleanrooms

0,5 5,0 0,5 5,0

Class A 3500 0 3500 0 Less than 1

Class B 3500 0 350,000 2000 10

Class C 350,000 2000 3,500,000 20,000 100

Class D 3,500,000 20,000 – – 200

controlled environments, test methods, design, construction and operation of the
cleanrooms.

For the purpose of classification, only particle sets with a cumulative distribu-
tion of particle concentration are considered, the size of which is in the range of
0.1–5.0 µm. Particular requirements for the cleanroom are expressed in terms of
concentration and for aerosol particle counters. The concentration of aerosol parti-
cles in the air determines the class of clean rooms. The requirements for clean rooms
in the production of pharmaceuticals and microbiological products are described
in the GMP (Good Manufacturing Practice) standard, adopted in the world in 1999.
GMP standard contains 4 classes with themaximum allowable particle concentration
and the number of viable microorganisms in 1 m3 (Table 1).

Themaximum accumulation of aerosol particles in different areas of the room, the
number and position of measuring points are determined according to ISO 14,644-2
with taking into account the risk analysis. According to the technical interpretation
of Annex 1 (PIC/S PI 032-2), continuous particle monitoring is required for class A
and indirectly for class B.

To use cleanrooms, it is necessary to have devices for monitoring and filtering
air, as well as the establishment of criteria for the level of cleanliness of the room.
Method of establishing such a criterion to analyze the statistical data and taking into
account their own subjective feelings, a priori knowledge and personal experience is
discussed.

3 The Purpose of the Work

The purpose of the work is to analyze the requirements for cleanrooms, describe the
methods for designing cleanrooms and the requirements for materials that are used as
protective coatings and in finishing. To show microparticles formed in cleanrooms,
to present a modern method of optical control of their concentration. To suggest a
mechanism for assessing the level of room cleanliness by fuzzy logic methods.
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4 Results and Discussions

Information model of requirements for structural materials used in cleanrooms is
shownon pyramid (Fig. 1) The correct choice of constructionmaterials and protective
coatings for the cleanroom is determined by building standards and guidelines. The
specific physical, chemical and structural properties of cleanroom envelope elements
must meet four main criteria:

• Functionality;
• Durability;
• Ability to be cleaned;
• Repairability.

Additional protective measures are needed to clean the air and reduce the concen-
tration of contaminants by the special equipment [11]. To ensure that there is no
accumulation of contaminants and to ensure that surfaces are easy to clean, the pres-
ence of horizontal surfaces and corners in the cleanroom should be minimized. Thus,
when designing clean rooms, the use of:

• flush-glazed windows;
• door blocks mounted flush with the walls;
• flush-mounted luminaire and switch housings;
• hidden channels for engineering communications.

Fig. 1 Hierarchy of requirements for structural materials used in cleanrooms
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Materials that do not generate particles and are therefore widely used in cleanroom
construction include:

• stainless steel;
• powder-coated metal sheet (or anodized aluminum sheet);
• concrete with a sealed surface;
• hot-welded plastic sheets;
• non-shrinking coatings made of polymeric materials;
• ceramic materials;
• glass.

The filter is the most important component of the climate system for “clean” rooms,
as it finally establishes the required degree of cleanliness of the room. A popular
cleaning system is the installation of three groups of filter elements after the injection
fan:

– coarse filters for mechanical impurities;
– fine filtering elements and antibacterial filters;
– HEPA micro-filters with absolute purification of the supply air.

One of the main problems is the correct organization of the air mixture flows in the
design ventilation for cleanrooms. The air supply method and the air distribution
device are chosen with according to the purposes of the room using. There are two
main types of air movement in a room: laminar and turbulent flows. It becomes
possible to ensure high values of air exchange at a low speed - no more than 0.3 m/s
across the entire zone when air is supplied with laminar flows.

The recommended air exchange for rooms with an average level of cleanliness is
between 30 and 60/h, while for amoderate level, air exchange can be reduced to 20/h.
The designer chooses the air exchange rate based onhis experience andunderstanding
of the dust emission in the production process. Recently, there has been a tendency to
accept lower air exchange values; leading design and construction firms and prudent
customers have a successful experience with these parameters.

High-performance efficient technologies of air filtration have been developed
[12–14], which become receivers of traditional filters of classical design. Most air
analyzers are optical particle counters. The registration of particles in them occurs
due to the overlap of the light flux from the diode laser when passing the sample
through the measuring cell. Simultaneously, the number of particles in several chan-
nels is counted; each of themcorresponds to a certain particle size. Themicroparticles
obtained from a machine with the HEPA filter in a digital microscope with a magni-
fication of 1600 times in a view of thread skein are shown in Fig. 2a. High resolution
optical microscope performs the duster and microorganism structure with the size
1–20 µm (Fig. 2b).

The method of describing laser field pattern [15] and model of service providing
on the use of optical laboratory for visual-optical control [16] are important stages
for development of the optical air control system. The movement of microparticles
and counting their number in the area of observation for processing video files by a
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(a) (b)

Fig. 2 View of the microparticles, obtained from the machine with high-efficiency air filter HEPA
in a digital microscope with an increase in 1600 (a), in the optical microscope with objects size is
about 1–20 µ (b)

software application is described in [17]. The method of optical image compressing
[18] is increased the speed of image data processing and database management
system.

According to Fig. 1 practical problems of cleanroom development is accompa-
nied by the solution of the optimization problem by three criteria: service life—
efficiency—level of cleanliness. Decision support methods are developed for the
problems in applied systems [19] and its compliance with the requirements that are
determined by its further use. Development of tools for assessing the decision on
the level of cleanliness is suggested by fuzzy logic. It allows correctly transforming
numerical values into linguistic variables: low, medium, high.

To determine the level of purity we will use fuzzy logic, then the concept of
“Cleanliness level” will become a linguistic variable. The basic term-set consists of
three fuzzy variables: “High”, “Medium”, “Low” and the area of reasoning has the
form X = [Nmin; Nmax], where Nmin is the threshold value for this class, and Nmax

is the maximum allowable number of microparticles specified in Table 1. Member-
ship function µ(x) for each linguistic term from the base term set has the form of
trapezoids, is shown in Fig. 3.

Definition of the attribute level value of the cleanliness is represented by a real
number in the range [0; 1] so that the sum of the attribute estimates is equal to 1. The
assessment of the indicator cleanliness level = {High, Medium, Low} = {0.8, 0.2,
0.0} is interpreted as a score of High with 80% confidence and Medium with 20%
confidence (Fig. 3).
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Fig. 3 Membership function µ(x) of a fuzzy set. The real number of undesirable microparticles
x1 in the air corresponds to the value of the linguistic variable High with the Confidence 0.8 and
Medium with the Confidence 0.2

5 Conclusions

An analysis of the requirements for cleanrooms and their classification is presented.
Methods of cleanrooms construction and materials requirements that are used in

the finishing of cleanrooms as protective coatings are shown.
The view of microparticles formed in cleanrooms is presented. The modern

method of optical control of the concentration of microparticles of dust, impurities
and microorganisms in the air is discussed.

The mechanism for assessing the level of room cleanliness with some confidence
by fuzzy logic is proposed.
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The Main Trends in the Development
of Production Specialization Rural
Settlements in the New Socio-economic
Conditions of Ukraine
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and Vasyl Liakh

Abstract The article considers the main trends in the development of rural settle-
ments of production specialization, located in the suburban areas of large and most
important cities of Ukraine. Since the early 1990s, significant economic, social and
demographic transformations have taken place in rural settlements of Ukraine, which
affect the functional and planning structure of rural settlements, covering all its
elements: housing, services, social infrastructure, and mainly—production areas and
facilities. The preconditions and formation factors of new production facilities and
production rural settlements are considered. The reform of the production environ-
ment and the transformation of production facilities, as well as the formation and
development of new types of production and new types of settlements have been
analyzed. New types of rural settlements of industrial purpose are considered. For
the first time the factors determining the reconstruction of rural settlements of indus-
trial direction are determined; the typology of production settlements in large cities
suburban areas has been improved; proposals for improving industrial settlements
depending on the quantitative characteristics of the defining parameters of the terri-
tory are developed; recommendations for the location of production of cultivation in
the relevant area of the rural settlement depending on its specialization are improved.
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1 Introduction

Since the early 1990s, significant economic, social and demographic transformations
have taken place in rural settlements of Ukraine, which affect the functional and
planning structure of rural settlements, covering all its elements: housing, services,
social infrastructure, and mainly—production areas and facilities. Privatization of
agro-industrial complex enterprises, market relations, a significant weakening of
state regulation have led to ambiguous changes in the formation of rural settlements,
which are most characteristic within the suburban areas.

It is in suburban areas that such changes began much earlier, due to the influence
of the city-centre. Structural and morphological changes in suburban rural settle-
ments have manifested themselves in functional changes within production areas
and facilities, partial changes in functional zoning and the formation of new types of
settlements or the transformation of existing villages into another functional type. It
so happened that significant agricultural production began to lose its urban signifi-
cance. In suburban rural settlements, it is a kind of industrial facility of the city in the
countryside (business facilities, high-tech associations, service, tourism, recreation)
and the development of new housing on their basis.

The first studies on the rural settlements typology were conducted by scientists in
the field of economic and social geography Kovalyov [1] and Zaslavskaya [2], they
identified the suburban type of settlement as special, which features belonging to
the zone of influence of large and most significant cities. Moiseenko in the study [3]
determined the difference between the suburban settlement of Ukraine fromWestern
counterparts, which is a combination of agricultural, medical, recreational and tourist
and other functions. In such settlements only 10% of the able-bodied population
is employed in agriculture. Of the production types of rural settlements, the main
ones were considered to be agrarian and agro-industrial, on the principles of which
domestic research was aimed: Vinshu [4], Krysanov [5], Musatov [6], Illiash, Tkach
[7] and others. New types of settlements at the present stage have been studied by
Antipova [8], Bański [9], Gorbenkova and Shcherbina [10], Kolodin [11], Novikov
[12], Pustovetov [13], Zębik [14] and others [15, 16]. However, it should be noted
that a significant part of these works does not sufficiently cover industrial settlements
and the transformation processes that take place in them. Studies conducted earlier
[17–19] have identified production settlements as one of themodern types. Therefore,
this study is extremely relevant.

Further study of the production specialized rural settlements typology, precon-
ditions and factors that lead to the formation and development of such settlements
is relevant for solving the problems of rural settlement, environmental protection,
and even the existence of the rural settlement network, culture and identity of the
Ukrainian nation.
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2 Main Part

2.1 Purpose of the Article

Identify the main directions of development of production specialization rural settle-
ments in large cities suburban areas, improve their typological classification and
develop proposals to improve their functional and planning structure.

2.2 Research Methodology

The research was conducted using the analytical method in the generalization and
analysis of theoretical and practical works, as well as statistical research on the
functional-planning organization of rural settlements; field survey and comparative
analysis, the method of complex research of literary sources and scientific researches
is applied. Thesemethods are based on themain provisions of an integrated approach
and include general theoretical and empirical research methods.

2.3 Results

During the study, statistical, cartographic analyzes and field surveys of 148 villages
of Poltava district of Poltava region (i.e. the vast majority of villages in the large
city suburban area) have been conducted. Comparative analysis of trends in the
development of existing settlements, as well as the experience of formation and
transformation of functional specialization in the new socio-economic conditions
proves the need for a typological approach to their development strategy. The nature
of the rural settlements functional specialization is determined by their population,
territorial location, availability of transport infrastructure and natural and recreational
resources. At the same time, the following factors are favourable for the formation
of industrial settlements [16]:

– free labour resources;
– availability of vacant land plots for new construction;
– the presence of production facilities that have ceased to function;
– availability of free land for pastures within the village;
– population of the settlement.

Favourable factors for the formation of a particular settlement are identified in
the study as determinants, they are in the group of accepted statistical indicators.
Depending on their quantitative value, it is possible to provide recommendations for
the formation of the type of industrial settlement. For example, a settlement with a
population of up to 100 people, in the presence of other favourable factors, may be
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recommended as a farm, with a population of 1,000 people or more may be agro-
industrial or industrial. From 148 rural settlements in the suburban zone of Poltava,
52 (35%) are defined as production. Functional specialization of the production type
covers all groups of villages by population, respectively, they are defined for the
largest number of settlements, and almost a third of them (27%) are settlements with
a population of 300–1000 people and 25%—settlements with a population of more
than 1000 people. At the same time, most of these settlements, 65%, are located
within 20 km of the city.

Previous studies [16] have developed a method for determining the functional
specialization of rural settlements as a strategy for their sustainable development.
Accordingly, a modern typology of suburban rural settlements is proposed, among
the main types of settlements are identified production type [17, 18]. The production
type of rural settlements is typical not only for the suburban area, but also for other
rural areas. And the principles and methods of their formation and recommendations
for improving the functional-planning structure can also be applied to production
settlements located within other territories.

Production types of settlements depending on external and internal factors and
other factors have their subtypes: 1—farmers’, 2—agrarian, 3—industrial, 4—
agrarian-industrial. Table 1 shows proposals for improving the functional structure of
production settlements depending on the quantitative characteristics of the territory’s
defining parameters.

Table 1 Proposals to improve the functional and planning structure of production settlements

Type Population,
people

Free
labour
resources,
people

Undistributed
lands, ha

Number of
production
facilities

Land for new
construction,
ha

Proposals

1 ≤100 4–10 2–5 1–2 2–5 Farmers’
settlement in
non-functioning
production areas

2 100–500 15–80 5–10 1–2 ≥1 Re-profiling of
an agricultural
enterprise into
2–3 farms

3 200–500 15–250 15–30 4–6 10–15 Agro-industrial
production,
housing and
production
formations

4 ≥1000 50–250 40–70 ≥10 ≥50 New industrial
facilities instead
of
non-functioning
production ones
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Fig. 1 Scheme of
production and residential
formation (packing shops,
tailoring and repair of
clothes, production of
footwear, canning of
vegetables, etc.);
1—residential land plot;
2—individual house;
3—production unit;
4—entrance zone with
elements of public service
and greening

Traditional settlements of production type, adopted indomestic practice:workers’,
agrarian, and agro-industrial. The production zones of these settlements have been
extensively studied by domestic and foreign authors. Therefore, the formation
of the production function in rural settlements is recommended on the basis of
reconstruction, the directions of which are the following factors:

– unbundling of existing production units, zones and enterprises;
– creation in settlements of production and residential formations (modules) on the

basis of medium, small and micro-productions (Fig. 1);
– the emergence of new city-forming factors (recreation, tourism, crafts, sports,

trade, high-tech science-intensive industries, etc.) [3];
– an important element of the production environment of the village—farms.

The state construction norms of Ukraine do not recommend placing small agri-
cultural enterprises and livestock farms in the suburban area. Therefore, we can
recommend the following areas of production: grain, vegetables, greenhouses, fruit
and berry, viticulture, milk production and processing, greenhouses and champignon
farms. Depending on the specialization of the farm, it is recommended to place them
in the appropriate area [3, 12]:

– livestock and poultry farmsteads—in the structure of the settlement, on its border,
near the production area;

– creation of new city-forming enterprises of cultivation direction (greenhouse,
champignon, etc.) on the territory of the former production zones, which have
ceased to function, especially those located within the residential areas (Fig. 2);

– crop direction—outside the rural settlement;
– service—in the structure of the settlement, in the production area, near the

highway;
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Fig. 2 Placement of cultivation production facility: a—outside the village; b—in the production
area; c—in farms; d—in the public centre; e—in residential quarters

– environmental protection—near forests in need of preservation or rehabilitation
or on the border of the nature reserve fund.

2.4 Scientific Novelty

The scientific novelty of the obtained results is that for the first time the factors
determining the reconstruction of rural settlements of industrial direction are deter-
mined; the typology of production settlements in large cities suburban areas has
been improved; proposals for improving industrial settlements depending on the
quantitative characteristics of the defining parameters of the territory are developed;
recommendations for the location of production of cultivation in the relevant area of
the rural settlement depending on its specialization are improved.

2.5 Practical Importance

The results of the study can be used by design organizations in developing project
proposals for the reconstruction of rural settlements in areas of large cities influ-
ence, as well as local authorities at various levels and local communities to predict
the development strategy of suburban rural settlements and tasks for design and
reconstruction of villages.

3 Conclusions

Based on the results of the study, the following conclusions can be drawn.
Current trends in changes in the functional and planning organization of villages

are identified: functional restructuring of territories and production zones of the
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village, redistribution of functions in the balance of the settlement and between
neighbouring settlements and the city-centre, which often leads to differentiation
of villages by functional specialization and typology. The main types of production
rural settlements are determined: farmers’, agricultural, agro-industrial, industrial.

Quantitative characteristics for the formation of a certain rural settlement type as
a development strategy are determined. Alternative development strategies based on
a typological approach can be used to preserve rural settlements or redevelop them.
The choice of a promising settlement type for its gradual re-profiling is based on
specific conditions: settlement resources, opportunities and priorities of territorial
communities, historical longevity, environmental conditions, and location relative to
the city.

Therefore, the functional specialization of settlements is an important prerequisite
for sustainable development and self-sufficiency of suburban rural settlements and
the suburban area as a whole.
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International Cooperation
in the Protection of Historical
and Architectural Heritage of Azerbaijan

Gulchohra Mammadova

Abstract Active cooperation with international organizations, primarily with
UNESCO, contributed to the introduction of a new expanded concept of heritage
and the creation of a new heritage management system. Currently, there are 3 monu-
ments of architecture, 9 monuments of intangible culture included in UNESCO lists.
The inclusion of Icheri Sheher in the World Heritage List in danger (2003–2009)
contributed to the adoption of a whole range of economic, social, scientific and
technical measures, the creation of a modern management system for this complex
of monuments. Restoration work involving of foreign specialists, the use of new
technologies, new approaches to the adaptation of monuments have become good
experience for the development of a system ofmonuments’ protection. This and other
examples of beneficial international cooperation have contributed to the formation of
a new attitude towards the conservation and sustainable development of heritage. At
the same time, there are problems that cannot be solved even with the help of interna-
tional organizations. This is the salvation ofmonuments in the zone of armed conflict.
Monuments become victims not only of military operations, but also of deliberate,
systematic destruction and falsification. The article considers various aspects of the
history and preservation of the architectural heritage of Azerbaijan.

Keywords Architectural heritage ·Monuments of Azerbaijan in UNESCO list ·
Preservation of tangible and intangible heritage · International cooperation

1 Introduction

Republic of Azerbaijan became a member of many international organizations after
the restoration of the independence. UNESCO has a special place among them.
Azerbaijan had ratified in the 1993 the Convention on the Protection of the World
Cultural and Natural Heritage. In subsequent years, the country had joined other
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major UNESCO Cultural Conventions, such as “Fighting against the illicit traf-
ficking of cultural property”, “Protection of Cultural Property in the Event of Armed
Conflict” and others. Cooperation with UNESCO has made it possible to enrich the
experience of protection, restoration and use of architectural monuments, to study
and put into practice modern requirements and approaches to heritage management.
UNESCO support was also expressed as technical assistance and the provision of
specialists, whose participation in specific projects was of great practical importance
for the development of the restoration.

2 Main Part

2.1 Historical Background

Preservation of cultural and architectural heritage became a live political issue in
Azerbaijani society since the late 19th century marked by acceleration of expansion
scale in the development of oilfields together with the development of industry. The
beginning of the 20th century saw first societies to study and preserve the cultural
heritage. It was gaining of independence and establishment of Azerbaijani Demo-
cratic Republic in 1918 that bolstered the rise of public spirit, growth of interest
in the national history, culture and heritage. However, establishment of the Soviet
power hindered the progress on this track. Even worse, numerous monuments of cult
and civil architecture were destroyed; particularly, severe damage was inflicted to
the Islamic architecture under the slogan of struggle with religious ideology. Many
medieval mosques were destroyed; extant ones were used for economic needs and
went to ruin gradually. If at the beginning of the 20th century there were about 2,000
mosques in Azerbaijan, in the 80s of the 20th century there were only 25 religious
buildings used for religious purpose.

The attitude to the historical and architectural heritage of past eras starts to change
closer to the middle of the 20th century. After the World War II, a horrifying picture
of destroyed towns, razedmonuments of architecture enhanced population’s interests
in the cultural heritage. Since 1950s Azerbaijani researchers got down to exploring
architectural monuments. Thus, numerous monuments were discovered and taken
under state’s protection. This process, as well as archaeological explorations and
restoration work strongly intensified in the 1960–1980s when the economy and
culture of Azerbaijan flourished, self-consciousness and sense of national pride for
historical past and cultural heritage intensified.Gaining of independence in 1991gave
a new impetus to the study of the history and cultural heritage of the Azerbaijani
people.

Liberation from ideological bans and stereotypes made it possible to take a new
look at the architectural heritage; assess its historical and artistic value regardless of
class and religious prejudices. These issues were of particular actuality due to the war
unleashed byArmenia with the aim to annexNagorno- Karabakh, and the occupation
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of 20% of Azerbaijan’s territory. It should be noted that thousands of specimens
of cultural heritage and hundreds of architectural monuments have remained on
the occupied lands. Numerous architectural monuments were destroyed, and whole
settlements were leveled.

Despite the economic and social problems of early years of independence, the
issues of heritage, its study and protection remained at the focus of attention of
Azerbaijan’s scientists and community. Integrated into the international community
and cooperation with international organizations enabled the young democratic state
to study the international experience andmodern standards of managing heritage and
forming a legal field in order to protect heritage effectively.

2.2 Azerbaijan Heritage in UNESCO

In December 1993, Azerbaijan was accepted into the membership of UNESCO;
in 1994, there was established a national committee for UNESCO. In first years
since regaining its independence, Azerbaijan joined many UNESCO Conventions,
including the Convention on the Protection of the World Cultural and Natural
Heritage (1972), Protection of Cultural Property in the Event of Armed Conflict”
(1954), and the Second Protocol of the Convention for Protection of Immaterial Patri-
mony (2003), etc. The ratifications of these Conventionswere followed by changes of
the internal legal provisions that were put in accordance with international standards.

Adopted in 1998 the Law of the Azerbaijani Republic on Preservation of Monu-
ments of History and Culture, other legislative acts were based on international stan-
dards of heritage control as set forth in UNESCO documents. It was active collabora-
tion with international organizations contributed to the introduction of a new concept
of a new advanced concept of heritage and the creation of a new heritage control
system. The cooperation with the UNESCO continues in many respects.

One of the aims of UNESCO operation is to unite all nations for the reasons of
saving and protecting monuments, which are of worldwide importance and develop
legal bases for the protection of heritage subjects in peace and particularly war time.
The study and preservation of world heritage is a universal humanitarian task. This
is the heritage that should be protected for the next generations. Objects that are
included in the list of World Heritage belong to not only to countries where they are
located but also to the whole mankind.

It has to be kept inmind that addition of heritage objects to theWorldHeritage List
is evaluated as recognition of this country’s contribution to the culture of mankind
and is a mark of pride of the nation. At present, the List includes the most important
monuments both of material and non-material culture of Azerbaijan. Note that three
objects of material culture have been included in the World Heritage List: Icheri
Sheher with Maiden’ Tower and Palace of Shirvanshahs (2000); cultural landscape
of Gobustan cave paintings (2007) and historical center of Sheki with Palace of Sheki
Khans (2019) [2].
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It should be noted that a preliminary World Heritage List includes as follows:
Ateshgah—a temple of fire inSurakhany (1998),Nakhichivanmausoleumsof the 12–
13 centuries (1998), historical-architectural site inOrdubad (2001), other cultural and
natural objects (in total 9). Representative list of the UNESCO Immaterial Patrimony
includes 7 culture specimens of Azerbaijan:

– Azerbaijani mugham (2003).
– Azerbaijan’s ashug art (2009).
– The spring Novruz Holiday.
– Azerbaijan’s traditional carpet-weaving art (2010).
– Chovghan, the traditional Karabakh horse game of Azerbaijan (2013), etc.

The inclusion of an object into theWorldHeritage List means that theWorldHeritage
Committee considered this object to be a great universal value. In turn, this imposes
on a country additional management commitments aiming to provide high security
standards and correspondence to the demands of processes in the system of world
heritage. The prestige of the status of a world heritage object substantiates a state’s
great interest in this object, as countries that have joined the Convention try to use
such objects as frontline platforms to improve the general process of cultural heritage
management [1].

It ought to be noted that as a party to the World Heritage Protection Conven-
tion Azerbaijan fulfills its obligations on discovery, protection and popularization
of the cultural heritage through the maximum use of its own resources and interna-
tional scientific-technological cooperation. Typical in this respect is an experience
of Icheri Sheher, a historical center of Baku that has miraculously been escaped from
modern development onslaught. It is commonly known that architectural heritage of
historical towns is faced with the most serious challenges. Suffice it to remind that
the development of towns and rates of present-day building give rise to numerous
issues, including modern standard architecture, destruction of historical context of
architectural monuments, violation of silhouette and scope of historical towns [3].

It is worth pointing out that economic and financial factors prove to be more
effective than curb efforts of guarding stations and public structures. Icheri Sheher’
example is proves that government’s responsible approach to the heritage protection
and compliance with its commitments in line with the World Heritage Protection
Convention makes it possible to take effective measures for resolution of managerial,
legal and institutional issues and preservation of the historical past in impetuously
developing urban construction.

Icheri Sheher is Baku City’s heart, a concentration of invaluable monuments
of history and architecture that has preserved its historic town-planning structure
and composition. Located in an area of 22 ha, the historic town was formed in the
medieval times; however, numerous written sources and archaeological excavations
prove that it existed yet in the ancient period as a center of fire worshipping with a
large number of fire temples. Note that the town’s spatial composition was formed
and the bigger part of its monuments was built in medieval centuries. Noteworthy
is the fact that the 13–16th centuries—a period of prosperity of the Shirvanshahs
State—were the most significant period for the town’s development. The town’s
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planning structure consisting of different-size and different-configuration mahallas
(blocks) separated by narrow streets one from another has mainly been preserved;
however, the residential area has endured great changes.

On the territory of Icheri Sheher, there has been preserved a large number of
monuments, including the most ancient one—the Maiden’s Tower—whose date of
origin and functional designation are subject to different opinions. Some researchers
tend to consider it to be an ancient temple built in the 8th century B.C. [3]; others
believe that it was a fire temple going back to the 5–6th centuries; third opine that
it was a defensive fortification. The oldest extant parts of fortress walls go back to
the 12th century. Located on the highest part of the relief, ensemble of the Palace of
Shirvanshahs came to fruition in the 12–15th centuries. It consists of 9monuments—
Palace of Shirvanshahs, divankhaneh, twomausoleums, ShahMosque andKeyqubad
mosque, a bathhouse, ovdan and oriental portal (Fig. 1). Outside the walls of the
palace ensemble there are numerous mosques, bathhouses, caravanserais built in the
11–19th centuries. Apartment blocks of the town have tens of residential houses of
the 18–20th centuries of high historical, architectural and art values [4].

Icheri Sheher was included in the List according to the 4th criterion as an
outstanding specimen of a type of building, architectural ensemble and landscape
illustrating an important stage in the history of mankind. A powerful earthquake that
occurred in Baku inNovember 2000, new construction that threatens the heritage and
shortcomings in Icheri Sheher management system caused the Committee’s decision
to include Icheri Sheher in the List of EndangeredWorld Heritage in 2003. It must be

Fig. 1 Palace of Shirvanshahs
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a) b) c)

Fig. 2 a, b, c. Gobustan petroglifs

a) b)

Fig. 3 a, b. Sheki fortress

a) b)

Fig. 4 a, b. Palace of Sheki khans.
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borne in mind that the government of Azerbaijan received DSOC recommendations
aimed at safekeeping and preservation of the monument above, specific measures
to attain this goal. These recommendations played a great role in modernizing the
Old City control system. In addition, the Administration of the State Historical-
Architectural Conservation was set up in 2005 under the Cabinet of Ministers. Under
the UNESCO documents, the Administration was responsible for the construction
of modern control system over the monument of the world heritage.

The monument’s peculiarity and complexity is that it was a historic town living a
modern life with inhabiting population, its facilities and its own infrastructure. Icheri
Sheher’s population and its problems were an important factor for the arrangement
of the monument’s management. It has to be noted that local and foreign specialists
and UNESCO experts were involved in the work to define a concept of the town’s
protection, use and development. The Master-plan they developed made it possible
to answer the question: what will the future of Icheri Sheher be? This was forerun
by survey and diagnostic of the territory, monuments, common buildings and the
infrastructure. All the monuments were stock taken, and opportunities of their future
use were determined. The master plan envisioned the conduct of different types of
restoration works within the Icheri Sheher territory. It had been planned to carry
out restoration works on 31 monuments within 2010–2016, and this project was
implemented. The restoration works on the preservation of Maiden’s Tower had
been carried out nonstop from 2009 to 2013 [3].

Under recommendations of the UNESCO World Heritage Committee, a buffer
zone was set up in 2009 around the monument, and the Icheri Sheher Adminis-
tration was authorized to control architecture conditions in the zone. Taking into
consideration the positive changes in the hazard control and preservation of this
unique monument, the World Heritage Committee adopted the decision to delete
Icheri Sheher from the «List of the monuments in danger» in June 2009. It is worth
citing that the system of city management, methods of conservation and restoration
of monuments, life conditions of the Old City residents and its involvement in the
control system are positively viewed by international experts. Even better, this expe-
rience was recommended to put into practice as applied to other historical towns.
At present, Icheri Sheher is an example to be initiated in other historical towns of
Azerbaijan.

The inclusion of state-owned historical-artistic reserve Gobustan in the World
Heritage List in 2007was also a great event for Azerbaijan. It should be noted that the
Gobustan Cultural Landscape with Rocky Paintings was recognized an object with a
highuniversal value andmeeting the requirements of criterion III as a unique evidence
of cultural tradition and civilization. This invaluable history and culture monument
is located 60 km of Baku and represents a 4,000-ha mountainous area where there
have been preserved 20 ancient human sites, caves, metallic constructions, about
40 mounds, and more than 100,000 items of tangible culture and some 6,000 rocky
paintings [5]. They cover a huge historical period stretching from the Upper Pale-
olithic to the medieval centuries. Noteworthy is the fact that Gobustan’s petroglyphs
reflect the everyday life of primitive people, scenes of agriculture, fishing, hunting,
shipping, military collisions, and ritual dances (Fig. 2a, b, c).
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In terms of the number of rocky paintings, their themes and diversity of their
creation technique, Gobustan is comparable to a large picture gallery. They are an
invaluable material for study of life, spiritual culture and beliefs of ancient tribes
inhabiting not only Azerbaijan but also the whole Caucasus [5]. In 1939, well-known
archeologist I. Jafarzadeh was the first person who registered the rocky paintings and
introduced Gobustan as a monument in science. In 1966, it was decided to establish a
Gobustan historical-artistic reserve. Following the inclusion into the World Heritage
List in 2013, Gobustan was granted a status of “Enforced Protection” monument
by UNESCO. This has helped substantially increase attention to the monument,
tighten protection measures, build a new building of the museum, and enhance the
management system.

Sheki is the third monument included in the World Heritage List. Sheki is one
of Azerbaijan’s historical towns with a substantial well-preserved part of planning
structure and ancient monuments. As a capital of the Sheki Khanate, it played an
important role in the history of the country and development of culture of Azerbaijan.
In 1762, the medieval Sheki was ruined by a disastrous landslide, so construction of
a new town on a new site on the opposite bank of the river began later the same year.

The direction of new Sheki streets was determined by the Greater Caucasian
Mountain spurs where the town was located, and by the direction of rivers flowing
via it. This was one of the factors that substantiated the town’s great merger with
nature [7]. A type of settlement attributable to a feudal town was reflected in the
town planning of Sheki as well (Fig. 3 a, b). It should be noted that the old names of
blocks—mahalles—have been preserved up to now. Among these blocks, Yukhary-
bash is distinguished for its beneficial location, historical planning and a large number
of monuments of the 18–19th centuries. Sheki fortress, located in the town’s upper
northeastern part, represents a khan’s citadel. The fortress walls and towers have
been preserved in a semi-destroyed state, so the fortress was restored in 1958–1963.
As for constructions inside the fortress, there has been preserved the building of a
palace that is considered a summer residence of a khan. The Palace of Sheki Khans
is a prominent work of Azerbaijan’s medieval architecture. The unique palace was
built in 1762 (Fig. 4 a, b).

The Palace of Sheki Khans represents a two-storey building, with its main façade
turned southward. The palace’s mostly beautiful spaces were halls with deep niches
located in the center of the ground and second floors. The composition of the palace’s
main façade is characterized by the combination of three elements: ornamented wall,
open-work shebeke, and spatial portals. On thewhole, the façade’s architecture repre-
sents a highly artistic expression of inner planning structure and constructive solution
of the palace. As for the palace’s interior, paintings that drewmany researchers’ atten-
tion are of great interest. The paintings cover all the area of walls, niches, stalactite
transitions from walls to lamps, as well as lamps in the halls on the both floors and
second floor rooms.

The inclusion of Sheki historical part in the UNESCO World Heritage List has
increased interest to historical and architectural monuments of that town. Currently,
the entire architectural heritage of the town is being studied, including the mosques
of the 19th—early 20th centuries, that have traditional architectural and decorative



International Cooperation in the Protection of Historical … 521

features that distinguish them from similar structures in other regions. These are
large prayer halls, well lit by large windows, with arched galleries-eyvans adjoining
the façade. Mehrabs with their interesting decorative design play an important role
in the interiors. The facades of mosques are faced with decorative brickwork, often
combined with river stone masonry. According to their architectural design, Sheki
mosques are more like civic buildings than religious ones.

Another prominent history and architecture monument is located 8 km far from of
Sheki. This is a church in village of Kish—a mother of Albanian churches, as called
by historian Moses Kalankatuklu [6]. This church is of huge historical importance
as the first Christian temple of Caucasian Albania-Azerbaijan, with its base laid by
Apostle Elysium in the 1 century. This interested multi-layer monument of Christian
architecture enriches the historical-architectural image of the Sheki region as a valu-
able specimen of early medieval period. Also, the inclusion of the Sheki historical
part in the World Heritage List should help develop and enhance the management
system of these monuments.

The prestige that is attached due to a status of a world heritage object significantly
increases interest in these monuments from the side of either the community or state
bodies. At the same time, high international appraisal contributes to formation of a
more careless attitude to heritage on the whole and recognition of its important role.
The system of management of world heritage objects that is formed in accordance
with the UNESCO requirements and under the participation of international experts
is an important specimen for organization of protection of the country’s monuments.
World heritage objects become a frontline platform for the improvement of cultural
heritage management system [1]. As for Azerbaijan, this platform is Icheri Sheher
whose experience is supposed to be used for other historical towns, primarily, Sheki
that was included in the list last year.

One of the most important paradigms of today’s world—sustainable develop-
ment—forms new approaches and sets new tasks in all vital life spheres of the
world community. Heritage is primarily a cultural resource that should be protected
and passed to the next generation. At the same time, heritage and its protection
may contribute to a sustainable development of society, by helping it socially and
economically. This aspect of monuments’ protection and management is particu-
larly important for such monuments as Icheri Sheher, a vivid, developing object of
world heritage, as well as Sheki, with its preserved area containing mahalles with
residential houses and economic stores.

The management of these monuments should be based on the consideration of
interests of local population and carried out with its participation. Local popula-
tion can take part in all components of the management system, i.e. formation of
resources, planning and implementation, as well as observation. Taking into consid-
eration that there are objects with different forms of property, an interactive approach
to management becomes essential. The example of Sheki, a provincial town, a part
of whose population resides in the reserve area requires particular attention to the
aspect of sustainable development. A world heritage object can and should benefit
local economy and town residents, contribute to development and increase of the
living standards. This may include development of tourism, creation of appropriate
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infrastructure, motivation of local traditional handicraft, and creation of new jobs,
including ones in the monument management system.

It is extremely important to follow the World Heritage Potential Boost Strategy
adopted in 2011. It is important not only to develop the knowledge and capabilities of
people managing this monument but also of a whole community inhabiting this area
because no efficient protection of heritagemay be ensured if there is no understanding
and support from the part of the population. The protection of heritage may also
contribute to the preservation of authenticity and peculiarity of Sheki population
with its rich history and traditional culture.

There aremanyproblems in the protection ofWorldHeritage. Themost irreparable
damage to an architectural monument is still caused by wars and armed conflicts.
During military conflicts and invasions of Iraq and Syria the most valuable monu-
ments of ancient cultures were lost. The ruins of Babylon housed the military bases
of the multinational forces in Iraq. The ancient city of Palmyra also suffered from
the war and was included in the list of endangered world heritage sites. The war
destroyedmosques in Timbuktu (Mali), giant Buddha statues inAfghanistan. Culture
has moved to the front lines of war and conflict, being both a collateral and delib-
erate victim of attacks. Heritage is intentionally destroyed or vandalized. After all,
the cultural heritage of a nation symbolizes its history and cultural value, and that is
why aggressor strives to strike it.

It shouldbenoted that theAzerbaijani people’s historical and architectural heritage
located inNagorno-Karabakh and its bordering regions (20%ofAzerbaijan territory)
occupied by the Armenian troops has been in such a sad state for 30 years already.
Unhidden, large-scale terror has been committed in the occupied areas. Half of the
medieval town of Shusha, the historical and architectural reserve with its peculiar
town-planning structure, that used to preserve its ancient blocks and numerous histor-
ical monuments before the war, has been destroyed. At the time, the reserve had 140
architectural monuments protected by state.

As for the issues of world heritage protection, lots of problems exist. It should
be noted that wars and armed conflicts damage monuments of architecture most of
all. It appears that culture has shifted to the frontline of war and conflicts being
both an indirect and intended victim of an attack. The heritage is being destroyed
purposefully or vandalized. Note that the cultural wealth of a nation symbolizes its
cultural value that is targeted by an aggressor first of all (Fig. 5).

Prominent monuments of civic architecture—eleven-span and fifteen-span
bridges at the Khudaferin bridge across River Arax which in ancient times were
used as a crossing at a busy caravan route—have now been left in the area under
occupation. The war irreparably damaged monuments located in the territories of
Karabakh-surrounding regions; these objects include numerous mosques, bridges,
bathhouses and memorials. In addition, cemeteries of Azerbaijanis have also been
ruined.

While Islamic monuments are being terrorized, the other part of the Azer-
baijani cultural heritage—the monuments of Christian architecture of Caucasian
Albania—are being “Armenized” by force. Working on these monuments, Arme-
nian researchers carry out the so-called restoration works with the aim to “Armenize”
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a)

b) c)

Fig. 5 a, b, c. Monuments’ damage in war conflict

them. These are illegal works, for they are being done on an occupied territory, at
alien monuments and without the participation of Azerbaijan’s scholars. As far as
we know, traces of their belonging to the Albanian culture are being erased. Under
the cover of restoration works, falsification and destruction of the specific features
of the Albanian Karabakh architecture were being implemented.

Thus, the principles and specific requirements of the Hague Conference have
been violated roughly for 27 years. Regretfully, international organizations,which are
designated to contribute to the protection of historical heritage, display nowillingness
to save the historical and architectural monuments in Karabakh. Despite numerous
appeals by Azerbaijan’s monument protection bodies as well as scientists, violation
against monuments, destructions and falsifications continued during all period of
occupation. This violence and destruction of the monuments of Azerbaijan was both
destroyed part of the world heritage and a gross violation of the requirements of
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documents adopted by UNESCO. However, the international community did not
take measures to stop it and punish the aggressor.

After the liberation of the occupied territories, a complete picture of destruction
and cultural terror was revealed to us. All cities and settlements have turned into
ruins, the absolute majority of Islamic religious monuments have been destroyed,
irreparable damage has been caused to the entire cultural and architectural heritage
of Karabakh and surrounding territories.

3 Conclusions

International cooperation has a positive impact on the spread of modern attitudes
and the introduction of modern standards for the identification, study, protection
and restoration of architectural heritage. On the example of Azerbaijan, one can see
great positive shifts in the protection of monuments and the improvement of the
architectural heritage management system. This is facilitated by cooperation with
UNESCO, studying the experience of other organizations and attracting international
experts.

At the same time, the many years of systematic destruction by Armenia of the
cultural and architectural heritage of Azerbaijan in the occupied territories and other
examples of vandalism and violence against monuments occurring in the world indi-
cate that international organizations do not take or cannot take measures to prevent
them stop. It is time to form a more effective mechanism for monitoring the state
of cultural heritage, especially in the territories where wars and armed conflicts
occur. We should develop a policy of sanctions in relation to countries that allow the
destruction of the cultural heritage of other countries.
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Ways of Integration of the Landform
Architecture Buildings with Landscape

Natalia Novoselchuk , Liudmyla Shevchenko ,
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Abstract Presently, in the context of ecological crisis, the modern architecture
wends the way of the sustained development conception. There are rethinking
of approaches and planning methods, including traditional attitude of architecture
toward a landscape, influence of artificial, anthropogenic environment on nature and
man. It resulted in becoming of landform architecture as a particular trend at the
end of XX century. This article is aimed at exposure and systematization of ways of
integration of buildings with landscape on the basis of the landform approach. The
evidential analysis, empiric and system analyses were involved to achieve this objec-
tive. A scientific novelty consists in the exposure of ways, systematization and gener-
alization of possible types of integration of building with landscape. The research
resulted in emphasizing of three types of such integration: above-ground, deepened
in relief and underground buildings. Building synergy with landscape is considered
on the example of different types of relief: plain, hill, mountain, cavity. Based on
analysis the composition ways of a building form synergy with natural surroundings
are distinguished. Practical value of this research consists in possibility to use the
distinguished ways while planning and building the landform architecture objects.

Keywords Landform architecture · Building · Landscape · Terrain · Integration ·
Landform approach

1 Introduction

Relation of architecture, nature and human being always was indissoluble. The inter-
active effect of facilities with terrain begins upon since before Christ at creation of
caves, mud huts, burial mounds, at the turn of XX–XXI centuries the interrelation
of nature and architecture appears.
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It becomes as never actual—basing on the ecological theory the architecture
acquires the further development. New tendencies such as organic, “green”, nature
integrated, bioclimatic, landform architecture and other appear. Natural materials
and components are used as “construction materials”. They have a number of posi-
tive qualities: from the improvement of the sanitary-hygienic condition of municipal
environment to the improvement of physical and psychical health of human being.

Subjects such as stability and maintenance of environment by creation of more
ecological structures that prevent negative influence are actual in architecture.
New methods of planning, NT, requirement for improvement of the environmental
attributes, priority of the organic approaches, ecological materials and construc-
tions caused rethinking of traditional attitude of architecture to the terrain and
assisted becoming of the landform architecture as a separate direction at the end
of XX century. In modern architecture, conception of «building according to the
form of relief» is far more than a formal strategy. Today integration of a building
with landscape is the modern and perspective approach that changes the traditional
architectural form and creates new character of modern architecture.

Presently the architectural objects based on the landform approach are built in the
whole world. Different after their form they are based on a general feature—blur-
ring of limits between the natural and artificial. Conception of landform architecture
offers the challenge for synergy between nature, individuals and artificial environ-
ment. Such conception allows to architects to design building and environment, that
evolves with the course of time and complies with natural, climatic changes and
needs of users. Landform architecture, as a result of integration of artificial object
with natural terrene, conflict-free interaction becomes a part of environment. Land-
form architecture adopts the laws of morphogenesis of earth and comes forward as
the articulated landscape [1].

Works of architectural theorists and practicians are dedicated to the study of
land-form architecture. A number of scientific publications, articles, abstracts of
thesis have been analyzed during examination of this subject. Examination of the
field experience is based on analyses of the implemented projects of the landform
architecture and design documents from every corner of the world.

Research of land-form architecture is represented in work by S. Allen and M.
McQuade “Landform Building: Architecture’s New Terrain” [3], genesis of new
formal strategies is determined, the existent projects are shown with illustrations.
Shown here are works of modern architects T. Dean, J. Ishigami, T. Ito, T. Kimura,
A.P. Kis, M. Maitzan, R. Nishizawa, C. Taylor, D. Perrault, P. Rahm and other.

First empiric and theoretical researches of landform architecture are presented
in works of the practician scientists: Sten Allen [3], Kennet Frempton [4], Diana
Balmori [5], Michael Manfred [6]. This conception was examined afterwards as
possibility to create ecological spaces and new green belts in the volume of building.

Afterwards this trend was considered as possibility to create the ecological spaces
and new green zones in cubic content of the building. Forming of landform architec-
ture as a variety of ecological trend that enables the theory of never-ceasing settlement
gardening is considered inworks byKarpo [7], Toren [8], Tabb [9], Genks [2], Corner
[10].
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This issue is examined in works of Zaslkavskaya [11], Shevchenko [12],
Denisenko [13], Smirnova [14].

The empiric base to study this theme is presented by works of architects that use
the landform approach and architectural planning: M. Sorkin, K. Yeang, E. Ambasz,
Sh. Endo, Fr.R.D. Hundertwasser, K. Kum, P. Eisenman and other. Also to study
the practical experience the projects of architectural groups—MVRDV (Nether-
lands), Deca Architecture (Greece), Bercy Chen Studio (THE USA), Chyutin Archi-
tects (Israel), Chartier—Dalix Architects (France), GLUCK+ (THEUSA), BjarkeIn-
gels Group (BIG) (THE USA), ChartierDalix (France), Signum Architecture (THE
USA), Reardon Smith Architects (Great Britain), Grant Associates (Great Britain),
Aedas Architects Ltd (China), Studio Odile Decq (France), Jean—Philippe Pargade
(France), OFF Architecture (France), Jade + QA (Great Britain), SAALS Architect
(Latvia) et al. have been considered.

1.1. The study is aimed at exposure and systematization of the ways of building
integration with landscape basing on the landform approach.

1.2. The methodology of the study. Methods of scientific research used in-process
are as follows: evidential analysis that allows to study accessible scientific,
literary sources; empiric method for study the practical experience of the
investigated objects and exposure of integration ways of objects with relief;
the system method by means of which the complex investigation of this issue
is possible.

1.3. Scientific novelty and practical importance.A scientific novelty consists in an
exposure and systematization of integration ways of building with landscapes.
As a result of research three types of such cooperation are distinguished:
surface, embedded and underground buildings. Building landscape synergy is
considered on the example of different types of relief: plain, slope, mountain,
cavity. On the basis of analysis the varieties of such integration are distin-
guished. The obtained results can be of practical use which consists in possi-
bility to use the established ways when planning the landform architecture
objects.

2 Results

The beginning of 1990 is considered as initial point of development of the landform
architecture, when a nonlinear paradigm and theory of complication were evolved.
Ch. Janks, theorist and landscape designer in 2011 in his book “The Universe in the
Landscape” put into practice the term “landforms” [2]. His understanding is based
on architecture and landscape design, where landform is created in accordance with
natural processes and includes the elements of modern sciences and technological
development.

The architecture landform of is a trend in architecture, that realizes the organic
approach to morphogeny and the spatial organization on the basis of integration of
an object with earth [2].
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Landform architecture is examined as a new transformation approach of integra-
tion of natural surroundings with artificial environment. Practician and theorist of
the landscape design Jenkson [2], in his research indicated that landform architecture
united the architectural form with natural topography in the single integral system.
Thus soil is used as finishing and heat-insulating material.

The landform architecture, creating the modern ways of form making, combines
architecture, landscape architecture, landscape design, town-planning, building and
ecology. Prerequisites of the landform approach development are the number of
factors comprising several principals as follows:

(1) Ecological factors that is maximal maintenance of nature; implementation of
principle of compensation for losses that damaged the natural landscape by
building of a new object; ecological safety of building and integration with
nature

(2) Economic factors that is use of energy effective technologies on principle of
“clever” architecture, buildings, that have a zero power balance and which can
operate autonomously from engineering structures;

(3) Bioclimatic that is consideration of climatic, geographical, seismic, hydroge-
ological conditions, landscape environment, land forms of an area;

(4) Psychological that is alliance of human being with nature as a factor of
psychological renewal and health improvement.

(5) aesthetic this is the harmonious confluence of architecture with the natural and
artificial.

Ecological. The ecology problem appears as one of the basic unsolved tasks for
development of humanity. In every case contributory influence on the improvement
of ecological situation demands individual efforts of every person and develop-
ment of conscious strategy of construction of a synergy with natural environment.
Ecological personality envisages functional interaction of people in the system “man-
environment”. Principle of indemnification of loss that was inflicted to the natural
landscape by building of some construction is offered in the modern creative concep-
tions.Architecture creates the “secondnature”with principle of geo-equivalence. The
cultural landscape created by people shall compensate lost of nature existed at its
place.

Economic. Use of the energy-effective technologies based on principle of “clever”
architecture whilst building of premises with a zero power balance and circulation
that can independently function from engineering structures is important. This is
aimed at use of electric power, illumination, alternative sources of heat, ventilation
that results in the economy of resources while object functioning.

Bioclimatic pre-conditions effect the direct and substantial influence on formation
of the landform architecture. The bioclimatic terms include the following:

(1) land morphology—bioclimatic structure responds to character of relief,
adheres to the natural bends or deepens under earth melting into it. When
necessary the water aquatorium of locality that refers to the special category
of landscape shall be considered;
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(2) geology of locality—geological structure of terrain, nature of its massivemate-
rial, hydrological conditions and terms for the greater part determines character
of structural decision of a building;

(3) thermal climate as assemblyof natural characteristics of radiation, temperature-
moist mode and aeration state of environment (intensity of solar radiation,
temperature, humidity, speed and direction of air motion, type and amount
of precipitations), that determines normative values and bench-mark data to
create the supportive microclimate. Bioclimatic approach also represents the
factor of use of biological resources of locality: flora, fauna, mineral minerals,
water.

It should be noted, that consideration of the separately taken factors does not
provide complete environmental friendliness, comfort and resource preservation of
the residential area. Therefore the basic criterion of the bioclimatic approach to the
planning is a complex system estimation of the terrain factors.

Psychological. Effect of man-nature synergy is well-known and indissoluble. Man
and environment present the single social and nature system. Today scientists distin-
guish a few stages of synergy of nature and man: (1) dependence of man on nature;
(2) dependence of nature on man; (3) unities of man and nature [15]. It should be
noted, that today humanity is on the third stage—stage of unity with nature. As of
today it is already impermissible to examine the nature dissociated from a human
being, it is impermissible to consider it only as an environment for existence and
source for satisfaction of pragmatic aims. The human consciousness level must be
higher.

Aesthetic. An object fits into a natural environment and has an unusual, attractive
look; building ensues the natural forms of the earth surface; supports the tuneable
confluence of a summary architecture with nature as well link-up of the internal
space with the external one.

Several ways are to be noted during implementation of the landform approach
in architecture: (1) by the nature of the building - earth surface synergy; (2) by the
nature of location of the building reference area in relation to the level of terrene or
soil; (3) for morphologic type of a terrain; (4) by the type of composition synergy of
building form with relief and natural environment.

While such building the character of the construction earth surface synergy is
essential and allows to emphasize three approaches: (1) polarization; (2) hyperboli-
zation; (3) integration (see Fig. 1).

The prime example of the polarization way and minimum affecting on the envi-
ronment is the house of Albert in California built by the architect in 1955. The house
is the result of careful estimation of lithoidal topography of the area and motion of
the sun. The primary objective of architect was the careful inclusion of the building
in the landscape using local stones and modern materials, such as glass and metal
(see Fig. 1).

Building of university library (by architect Denton Corker Marshall, Indonesia,
2011) is the interesting example of earthen architecture based on extravagance where
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Fig. 1 Methods of a building synergy with natural landscape

successful synergy of natural and artificial environment is shown. The consumption
of energy in building is kept to the minimum, collection of sewage and rain waters
is envisaged. Green roofs and existent trees provide maintenance of landscape area
(see Fig. 1).

Relief is a means of the landform form making. Depending on the location of
reference area of building to the level of terrene or soil and deepening in the “body”
of landscape the landform objects can be: (1) above-ground (ground, located by a
their reference area on the terrene; aligned with rising ground); (2) embedded; (3)
underground (see Fig. 2).

Types of half-embedded buildings are appertained to themostwidespread inworld
building practice. They have a number of competitive advantages: the rational use
of territory due to the spatial resource, creation of microclimate, wind shield, solar
proofing, visual comfort, energy-savings, ecological compatibility etc. As a rule, the
half-embedded buildings are erected on areas with flat slopes, if the large volume
of soil excavation is impossible (owing to hydrogeological or geological terms, and
also economic reasons). The building can rise above the earth surface at 30–40%,
and can be embedded at 60–70% [14].

Except it forming of the landform architecture depends on topographical terms
of locality—morphological type of the landscape. When the landform architecture
is introduced into design the most widespread types of natural relief are flat relief,
hill, mountain. Also there are examples of building on the other types of relief: water
gap, cavity, hollow, crater.
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Fig. 2 Ways of the building-relief synergy

When the object form interacts with natural environment and land surface
depending on the relief morphology it is possible to emphasize the following
compositional ways (see Fig. 3):

(1) inheritance of the relief form—where it is possible to singularize the following:
nuance—as reiteration of the relief contours by building form and natural
landscape; identity—as a complete inheritance of the natural landscape form in
silhouette of building, that allows to imbed a building into natural environments
softly and without conflicts;
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Fig. 3 Composition ways of building synergy with relief and natural environment

(2) «visual disappearance»—that is absorption of the architectural object by
natural surroundings and its assimilation with ecological structure. Effect of
“dissipation”, visual “disappearance” of building in natural environment can
appear in varying degrees, it is maximal due to deepening, imitation of natural
landscape and greenery of facades.

(3) hyperbolization—this is a building which creates the new artificial relief due
to exaggeration of the prototype form, use of the planted trees and inclined
roofs with greenery. This way more often is used on flat relief. This way is
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implemented through the use of geo-plastic as creation of the artificial relief
following form of the initial prototype. The building not simply takes place on
an area, but constructs area and relief allotted to it;

(4) terracing—this is arranging terraces as wide steps on hills, rising grounds of
artificial surfaces with greenery.

The examples of such embedded structures can be the «earthen» houses by the
Swiss architect Peter Vetsch. His houses are energy-efficient and environmentally
compatible, without square corners.

The extravagance method is typical for landform architecture, whereby building,
due to the overstatement of prototype form, use the verdured pitched roofs creates the
new artificial relief. This method is more often used on flat relief. It is implemented
by geo-plastic way as a creation of the artificial relief following the form of initial
prototype.

Building is not simply disposed on an area, but itself constructs the allocated area
and relief. One of the form making methods of the landform architecture also is the
method of «natural mimetism», when the architectural object maximally imitates,
copies natural form. As a result there is visual disappearance or dematerialization of
building under the layer of soil and vegetation. The main form making ways here is
the geo-plastic and use material, color, textures indicative for this landscape whilst
building.

Transformation of traditional architectural form is indicative for the landform
approach. Because at the partial or complete deepening in relief, building disappears
visually and accordingly loses facades usual for architectural form making. Such
building can have one open facade only. Therefore a main form making value in
the landform architecture has a natural isomorphism of the architectural object with
natural surroundings and relief. It is also necessary to note that the modern energy
effective technologies such as geothermal and solar power, wind currents for natural
ventilation etc. are used in buildings based on the landform approach [16, 17].

The prime example of steady architecture based on the landform approach is
building of Ewha Campus Complex in Seoul, 2008 (South Korea). The building is
located in a natural canyon and it masterly entered in the surrounding municipal
landscape. The garden that protects internal space from heat and cold is placed on
the campus roof. Architect elaborated the so-called “thermal labyrinth”, that includes
the great number of the metallic batteries, placed on ceiling and connected with pipes
going out outside. It provides circulation of crisp air into campus. A rain-water is
saved in special reservoirs and then spreads for functioning of lavatories [18].

3 Conclusions

Thus, finally it should be noticed that a landform building, when using the organic
approach, is not situated on the design area but itself builds area and its relief basing
on integration with the terrene. There is partial or complete visual “disappearance”
of architectural form caused by synergy of the building with relief. The basic task of
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the landform architecture is a submission of building volume to the relief form and
integrity of its comprehension in the context of natural relief, character individuality,
creation of the comfort biopositive structure.

Today landform architecture doing its contribution to the decision of ecological
problems of the earth is one of the effective instruments of humanization ofmunicipal
environment and careful attitude toward nature. In the modern architectural practice
the landform approach is to investigate the enormous amount of displays of landscape
and ecology not as the summary phenomenon, but on basis of use of new methods
of planning, new formal strategies and technical issues in architecture.
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Abstract The problem of creating an inclusive environment in urban agrorecre-
ational eco-complexes are considered. The peculiarities of the criteria of accessi-
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analyzed and classified requirements for the design of urban agrorecreational eco-
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1 Introduction

Acceleration of urbanization leads to the situation when high-rise buildings and
municipal facilities are extensively constructed on croppable lands suitable for culti-
vating farm produce. Therefore, vegetables, greens and fruits for the cities with a
million-plus population have to be transported from afar off, which has an impact
on their freshness. It encourages the emergence of new directions in urban planning,
when a considerable part of the afore-referenced products can be produced within
the limits of the cities, and moreover–all the year round.

Due to the shortage of sizeable white lands, space in urban agrorecreational eco-
complexes [8] is organized vertically for the purpose of compactness; greens and
vegetables are grown for local shops, and the orchards growing on the roofs of the
houses may help to control air pollution. But this requires special approaches to the
creation and improvement of such space, which should be created on the principles
of universal design and be inclusive.

In most of developed countries professionals are actively working on the creation
of safe, comfortable, accessible, informative environment [1–7, 9–23], including the
space for workers and visitors to urban agrorecreational eco-complexes for people
with limited mobility, including people with disabilities.

2 Materials and Methods

When conducting the research, basics of the systems approach, the simulation mode,
theoretical methods of analysis, synthesis, generalization and abstraction technique
were used.

3 Results

3.1 Defining the Inclusive Environment of Agrorecreational
Eco-complexes as a System

Vertical farm is the generic name for a highly automated agroindustrial complex
located in a specially designed high-rise building. The main difference between
vertical farms and traditional hothouse facilities and livestock farms is vertical multi-
tiered arrangement of plantations and intensive approach to land use [8]. Pertinently,
a vertical farm is a multitiered greenhouse. From the very beginning, vertical farms
are always planned as a new element of the urban environment, which must comply
with the terms of inclusivity, be accessible to all, and have inclusive space for people
with limited mobility, including people with disabilities.
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People with limited mobility are people who have difficulty with ambulation
and orientation in space, in receiving services and necessary information. People
with limited mobility are: people with disabilities, people with temporary health
problems, pregnant women, the aged (the elderly, people with baby buggies, etc.)
[9].

There is a tendency to the usage of such terms as barrier free environment for
physically challenged people, adapted environment, universal design (inclusive
design) [9]. These terms describe the elements of the architectural space taking into
consideration the needs of people with disabilities (Fig. 1). The term «barrier-free
environment» is in most cases used to refer to people with disabilities. Barrier-free
environment provides for the installation of approach ramps and sidewalks with high
quality roadway paving, fairly wide passages, lanes, drive-throughs and driveways,
doors and other elements of the architectural environment that make it easier for
people with limited mobility to move [9]. For people with limited mobility, the pres-
ence of barrier-free environment is a factor that significantly affects the quality of
life [1].

Inclusiveness of buildings and related structures is a comprehensive set of
architectural, planning, engineering and technical, ergonomic, structural and orga-
nizational measures to ensure the accessibility of buildings and related structures in

Fig. 1 Basic architectural-planning, engineering-technical and design elements providing for the
inclusiveness of the environment
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which any person, regardless of age, gender, disability, functional diseases, level of
communication skills, can in all circumstances feel safe and comfortable without
physical assistance and outside help to the best of their abilities [10].

In accordancewithworld statistics, fromaquarter to the third part of the population
are the users of the barrier-free environment at one time or another [9].

Accessibility in urban agrorecreational eco-complexes should ensure easy move-
ment and safe passage in space and the possibility of using public property and public
benefits.

Many countries have already developed their accessibility standards, taking into
account best practices. As a result, uniform standards for civilized countries have
been formed and improved.

In general, the criteria for accessibility in urban agrorecreational eco-complexes
should have the following requirements for the accessibility provisions:

– unobstructedmovement along the sidewalks and surmounting vertical drops (level
differences);

– possibility of convenient use of holding points, recreational facilities and addition-
al service points;

– passage and vehicular access to the equipment for different purposes;
– access to public transport stops;
– road crossings;
– access to the information supply;
– availability and equipment of parking spaces;
– availability of means of surmounting pedestrian crossings (overground pedestrian

crossings and pedestrian undercrossings);
– availability of means to cross over interchange ramps;
– unobstructed vertical and horizontal movement during technological (agro-

industrial) processes in urban agrorecreational eco-complexes;
– unobstructed vertical and horizontal movement of visitors during recreational

processes in urban agrorecreational eco-complexes.

Safety should be understood as the possibility of overcoming the obstacles safely,
visiting urban agrorecreational eco-complexes without the concern for being injured
in anyway or causing damage to property or equipment. It also applies to the installa-
tion of fences, doors and etc., to the location of public utility sites of support service
vehicles, platform jetties and landing stages, steps and lifting devices, their protection
from precipitation; routes of people with limited mobility in the middle of pedestrian
crossings (both overground pedestrian crossings and pedestrian under-crossings).

It is recommended to include into the requirements of the informativeness
criterion for urban agrorecreational eco-complexes the following:

– timely identification of landmarks on the territory of urban agrorecreational eco-
complexes;

– accurate identification of your location and the places that are the purpose of your
visit;
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– the use of information distribution media that meet the needs of different user
groups;

– the possibility of effective orientation of visitors, both during daylight hours and
at night time;

– shortening of time and contraction of efforts to obtain the necessary information;
– warning people of potential threat zones on the road and of the streets that may

be possible hazards;
– the ability to have continuous information support while moving along the street.

Landscape comfort includes adaptation of the environment of urban agrorecre-
ational eco-complexes, in which a person with disabilities appears to be, to his/her
needs and capabilities.

Universal design (inclusive design) of urban agrorecreational eco-complexes
should be suitable for the vastmajority of people, aswell as for awide range of people
with such disabilities, as trouble seeing, hearing and perception defects, taking into
ac-count psycho-emotional and intellectual characteristics. Universal design (inclu-
sive design) of urban agrorecreational eco-complexes addresses the problems of
accessibility and gives an opportunity to make all the elements of its environment
accessible. This is achieved by detailed planning at all design stages [9].

3.2 The Main Means of Inclusive Environment
of Agrorecreational Eco-complexes

The peculiarity of creating an inclusive environment in urban agrorecreational eco-
complexes is identification of two main groups of elements that must be provided by
means of universal (inclusive) design and barrier-free environment (Fig. 1):

– elements of the external space of urban agrorecreational eco-complexes (pedes-
trian sidewalks,malls and alleys (their crossroads), traffic junctures and crossroads
of pedestrian sidewalks, special sites for passenger pickups and passenger drop-
offs [5], entrance space of an urban agrorecreational eco-complex, recreational
space, sports grounds, outdoor manufacturing areas, public utility sites, etc.);

– elements of the internal space of urban agrorecreational eco-complexes (entrance
lobby of an urban agrorecreational eco-complex, vertical communications,
horizontal communications, public bathroom and laundry, main premises, etc.).

Taking into account the considered features of creating inclusive (barrier-free)
space in urban agrorecreational eco-complexes, we have identified the main design
aids for such construction entities.

Means of inclusivity (barrier-free space) for the elements of the external space
of urban agrorecreational eco-complexes (Fig. 2):
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Fig. 2 Means of inclusive environment in urban agrorecreational eco-complexes

– external ramp (Fig. 3)–external continuous inclined pane (structure), which
connects two uneven horizontal surfaces and is arranged for barrier-free move-
ment of wheelchairs, baby buggies, other various wheeled vehicles and people
from one flat surface to another [5];

– exit ramp (Fig. 4) is an inclined pane (structure), which is located at all the
crossings of pedestrian paths/footwalks/sidewalks with carriage ways of different
movement directions (parking lot exits, public transport stops) for barrier-free
movement of people and wheelchairs, baby buggies and other various wheeled
vehicles [9];

– raised pedestrian crossing (Fig. 5) is the means for more convenient barrier-
free movement of people and wheelchairs, baby buggies, other various wheeled

Fig. 3 External ramp
sample
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Fig. 4 Exit ramp sample

Fig. 5 An example of a
raised pedestrian crossing

vehicles across the carriage way at the pedestrian crossing by mechanical speed
restriction of vehicles [9];

– lifting device (Fig. 6) is the means used to get over the significant difference in
levels between the nearest horizontal faces (vertical and sloping direction) [5];

– external stairs (Fig. 7)–the stairs on footpaths/footways/sidewalks, planned for
the cases when, in a certain place, there is a slope of the ground more than 10%,
should be duplicated with ramps, and if necessary–with other lifting devices with
vertical movement or moving in parallel with the slope of the stairs and meet the
basic requirements for the arrangement of street and road network [9];

– parking space (Fig. 8) for a person with a disability (a place for parking private
vehicles belonging to people with disabilities or the vehicles used for transporting
people with disabilities) is recommended to be placed at the entrance to the
buildings and structures, but not further than 50 m in compliance with standards
specified [3].

Barrier-free devices for the elements of the internal space of urban agrorecre-
ational eco-complexes (Fig. 2):

– internal ramp (Fig. 9) is internal continuous inclined pane (structure), which
connects twounevenhorizontal surfaces and is arranged for barrier-freemovement
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Fig. 6 An example of a
lifting device

Fig. 7 An example of
external stairs

Fig. 8 An example of a
parking space for a disabled
person
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Fig. 9 An example of an
internal ramp

of wheelchairs, baby buggies, other various wheeled vehicles and people from one
flat surface to another [9];

– internal stairs (Fig. 10)–the structure of horizontal ledges or stairs, which is used
for equipment maintenance and in order to connect the floors, rooms, roofs of the
buildings and structures [10];

– approach ramp (Fig. 11)–spiral horizontally curved ramp [9];
– elevator (Fig. 12)–an engineering structure with a special cabin for the vertical

movement of people or goods [10];

Fig. 10 An example of an
internal staircase
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Fig. 11 Examples of ramps

Fig. 12 An example of an
elevator

Fig. 13 An example of an
escalator

– internal lifting device (Fig. 6) is a means used to get over the significant difference
in levels between the nearest horizontal surfaces (vertical and sloping direction)
[9];

– escalator (Fig. 13) is a device, a moving lane in the form of a moving sidewalk
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or a sloping staircase with movable horizontal steps for moving horizontally or
between different levels of the surface (vertical and sloping direction) [9];

– sanitary facility for people with disabilities (Fig. 14)—ablution facility, which is
intended for use by all social categories (including people with disabilities) and
provides for the installation, in addition to basic accessories (a flush toilet and a
sink) of handrails, bars, swiveling seats or fold-back seats, etc. [1, 9, 10].

Means of universal (inclusive) design for the elements of external and internal
space of urban agrorecreational eco-complexes (Fig. 2):

Tactile elements of accessibility (TEA)–the system of safety and orientation
facilities, means of obtaining information for people with sensory impairments
(Fig. 15) [1–7, 9, 10]:

Fig. 14 An example of a
sanitary facility for people
with disabilities

Fig. 15 An example of
tactile strips arrangement:
1–warning tactile strip;
2–tactile guiding strip;
3–informational tactile strip;
which indicates the place of
turning (divergence) of the
tactile guiding strip
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– tactile guiding strip (Fig. 15)–a means of warning or orientation for people with
vision impairment and for other users, which warns of the direction of movement
to the objects of social, engineering and transport infrastructure, on footpaths
(pedestrian routes), on the premises of the objects and inside them [9];

– warning tactile strip (Fig. 15)–a means of warning or orientation for people
with vision impairment and for other users, which warns of potential danger
or hindrances while moving to the objects of social, engineering and transport
infrastructure, on footpaths (pedestrian routes), on the premises of the objects and
inside them [9];

– informational tactile strip (Fig. 15)–a means of warning or orientation for people
with vision impairment and for other users, which informs of direction change
while moving to the objects of social, engineering and transport infrastructure, on
footpaths (pedestrian routes), on the premises of the objects and inside them [9];

– tactile information index (Fig. 16)–a tactile element of accessibility that duplicates
flatly printed text or graphic information in tactile form and in Braille type [9].

Visual accessibility elements (VAE)–tools that ensure safety and provide for
orientation, obtaining information by all users, including people with vision impair-
ments, with the help of color layouts, information plates, informants, markers and
signs [9]:

– signs in contrast colors (Fig. 17)–visual accessibility elements that use contrast
color relation in order to ensure the structuredness of the space (for free orientation,
receiving information and safety when moving on the way to the objects of social,
engineering and transport infrastructure, on footpaths (pedestrian routes), on the
premises of the objects and inside them [9];

Fig. 16 An example of a
tactile information index:
1–information guide;
2–informational tactile
marking; 3–informational
tactile sign plate that
duplicates textual
information in the tactile
form of flatly printed text
and in Braille type
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Fig. 17 Usage samples of signs in contrast colors (contrasting markings on transparent doors)

Fig. 18 Examples of
information plates combined
with a tactile resource book:
1–flatly printed graphic
information, 2–duplication
of flatly printed graphic
information in Braille type

– information plates and informers (Fig. 18)–visual accessibility elements that are
clear and accessible to all categories of people with limited mobility, made in
enlarged font and in a contrasting color relation of fonts to the background of the
plates. They can be combined with a tactile resource book [9];

Auditory Accessibility Elements (AAE):

– audio indicators (Fig. 19)–auditory elements of accessibility that help peoplewith
vision impairments obtain information about the object and the services provided
in it [9];

Fig. 19 Examples of an audio indicators combined with an information plate and a tactile resource
book: 1–flatly printed textual information, 2–duplication of flatly printed textual in-formation in
Braille type, 3–play button for reproducing audio information
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Fig. 20 Examples of a
sound-signaling beacons
combined with an
information plate and a
tactile resource book:
1–flatly printed graphic
information, 2–duplication
of flatly printed graphic
information in Braille type,
3–play button for
reproducing audio
information

– sound-signaling (Fig. 20) are auditory elements of accessibility, located at the
entrance lobbies of the objects that point to the required direction of movement
[9].

4 Conclusions

The article studies and classifies the requirements to the space of urban agrorecre-
ational eco-complexes (Fig. 21) taking into account the needs of people with disabil-
ities, which should have the following priority sequence: accessibility, safety, in
formativeness, comfort, universal (inclusive) design. The main requirements to
the environment of urban agrorecreational eco-complexes have been analyzed and
systematized, taking into account the needs of people with limited mobility. The
main elements of barrier-free and universal (inclusive) design have been considered
and analyzed in this article in order to determine the main design parameters in
further studies of urban agrorecreational eco-complexes. It is determined that inclu-
sive design changes the requirements not only to the design of territories, but to civil
and structural design as well. It will affect layout concepts, construction solutions
and operational characteristics of agrorecreational eco-complexes, and also require
further rigorous research.
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Fig. 21 Defining inclusive environment in urban agrorecreational eco-complexes
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Ukrainian Post-socialist Cities
and Integrated Development

Vadim Vadimov and Anna Vadimova

Abstract Modern Ukrainian cities in the post-socialist time of their development
found themselves in a situation of the lack of an appropriate urbanistic methodology.
Socialist urban development doctrines of urban development no longer work in the
new socio-political and economic realities and newmethodologies are required. One
of thesemethodologies is fractal urbanism. One of the postulates of thismethodology
for the post-socialist city is the UN Sustainable Development Initiative (SCI) and the
Integrated Development Concept (ISEK).

Keywords Information society · Fractal urbanism · Integrated development
architectural composition

1 Introduction

ModernUkrainian cities in the post-socialist period of their development found them-
selves in a situationwhere therewas no correspondingurban theory andmethodology.
The demographic situation in most Ukrainian cities remains tense [1].

The international project GIZ “Integrated Urban Development in Ukraine”
(ISEK), which is supported in Germany by BMZ, and in Switzerland SECO is
implemented in a number of Ukrainian cities, including Poltava [4]. The decrease
in the population in Ukraine (41,588,000 people by 2020) is taking place against
the background of an increase in the percentage of the urban population. In 1959,
the percentage of urban population was 45.7% of the total population of Ukraine,
in 1970 it was already 54, 5%, and in 2020 the percentage of urban population was
69.2%. The total number of urban settlements was—1345.

The high dynamics of urbanization in Ukraine did not in itself solve the problem
of development of post-socialist Ukrainian cities, but on the contrary exacerbated
the existing problems of spatial development of territories and cities, especially
given the processes of decentralization and territorial administration in the country.
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More cities in Ukraine have signs of a monofunctional industrial structure, because
the enterprises are mostly one or two profiling sectors of the socialist economy,
formulating the revenue side of the city budget, thus ensuring the functioning of
social infrastructure. Such times are over. Today, against the background of rapid
population decline, the issues of creating new jobs and forming the appropriate
social infrastructure of cities have become more acute.

The process of urbanization in Ukraine continues, despite the economic, demo-
graphic and social challenges facing post-socialist cities, so cities should be given
more attention. Today, cities are becoming points of growth and future development.

The implementation of new approaches in the development of Ukrainian post-
socialist cities on the basis of the Concept of Integrated Urban Development (ISEK)
requires the application of new methodological foundations of urban planning [2].

The aim of the work is to formulate relevant approaches, based on fractal
urbanism and sustainable development methodology, for the development of the
Concept of the integrated development of the Ukrainian post-socialist city.

Presentation of the main material. The theory and practice of urban planning
in Ukraine during the period of socialist development was closely connected with
the socio-economic planning of a directive nature, the central government agencies.
The conditions of the centralized planned process (five and seven-year development
plans of the state, individual economic districts, regions and cities) contributed to the
complexity of urban development. Urban planning theory and practice of Ukraine
has a glorious history of its development since the middle of the twentieth century,
which was due to the large-scale construction of new industrial facilities and new
settlements, reconstruction and development of existing cities.

At the same time, during the construction of Ukrainian cities of the socialist era,
certain problems arose in spatial development. The priority was the organization of
the location of productive forces, production facilities, and the social sphere was
perceived as a supplement to the “city-forming” factors. Large industrial zones in
the planning structure of Ukrainian cities after the decline of the economy, which
was focused on energy-intensive, resource-intensive production, became “industrial
deserts”.

During the years of Ukraine’s independence, fundamentally new economic, envi-
ronmental and social challenges arose for the implementation of world and European
experience of urban development for Ukrainian cities. Today, the processes of urban-
ization inUkraine have their own characteristics. The processes of urbanization occur
under the influence of external and internal factors of different territorial levels - from
national, regional and local, which are interrelated. Among the external factors of
the spatial organization of urbanization in Ukraine are urban agglomerations.

It is the analysis of the spatial characteristics of urban location in Ukraine that
indicates the presence of urban agglomerations. Urban agglomerations of Ukraine
have different levels of development, population and are morphologically specific
to monocentric and polycentric (bicentric). About 19 million people or 36% of the
country’s population live in the 19 largest urban agglomerations of Ukraine.

Agglomeration forms of settlement must be taken into account in the formation
of new territorial units in the process of decentralization.
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The ecological component and the preservation of the natural environment remain
relevant for the development of Ukrainian cities. The natural landscape compo-
nent is an important element of spatial planning of territories at different territorial
levels from national, regional to local, at the level of individual cities. In addition,
for Ukrainian post-socialist cities, it becomes important to take into account the
global characteristics of urbanization. At the beginning of the XXI century in the
information society, there was a phenomenon of “global city”, with the effect of
implosion—explosive compression of space and time, removal of urban functions in
the information space, social networks—they are objects of fractal urbanism. Such
changes in global processes of urbanization are due to the formation of transnational
corporations in the fields of industrial production and finance, the development of IT
technologies and blockchain in the formation of a digital society with the provision
of the latest digital services.

In addition to taking into account external factors on the spatial development of
cities and surrounding areas in the process of developing the Concept of Integrated
Urban Development, the state of use of internal resources is carefully considered.
Such resources include rational land use, optimization of functional zoning and engi-
neering and transport infrastructure. For example, abandoned Ukrainian territories
are a significant problem for Ukrainian post-socialist cities. Built on the calcula-
tions of economic growth and full employment of the working age population, such
industrial zones in cities occupy a large area (from 12–18 to 23–27%). At one time,
working enterprises were the main lever for economic growth in cities.

To solve these topical issues of spatial development of Ukrainian post-socialist
cities, modern geoinformation technologies (GIS) are needed, on the basis of which
a model of permanent project process is implemented.

InUkraine, since2005, various attempts havebeenmade to create a national infras-
tructure of geospatial data—NIGD. steps to build a similar systemNSDI, INSPIRE in
our country. In 2020, the Law of Ukraine “On the National Infrastructure of Geospa-
tial Data” was adopted, which should summarize the existing scientific and practical
experience in the formation of geographic information systems. Urban geographic
information systems of urban management are a new tool in the implementation of
the Concept of Integrated Urban Development.

Urban geoinformation systems, based on which the cadastral information
resources are combined (land cadastre, town-planning cadastre, register of addresses,
register of objects of town-planning activity, etc.) become the basis for the formation
of a “smart city”. The processes of urbanization have the features of fractality—
in different areas, in different climatic and socio-economic conditions there is a
spatial compaction with different morphology, which should be monitored using
GIS technologies.

Therefore, spatial planning in information systems acquires the features of a
permanent spatial (urban planning) design process, the essence of which is that
the existing hierarchical system of urban planning [3], implemented at three inter-
connected territorial levels (national, regional and local), in information systems is
transformed into a rotational development system. urban planning documentation.
At the same time, the subjects of the permanent design process, objects, processes
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and norms are determined (Fig. 1). The basis of this process are urban development
programs of dynamic spatial objects [5].

Urban planning programs are a new type of spatial documentation where urban
planning strategy and its constructive development are concentrated. Urban planning
programs are not rigidly fixed in their indicators planning documentation, when the
conditions change, the recommendations on possible implementation options will
change. Spatial objects of different urban territorial levels (national, regional, local)
are complex systems. An integral part of the management of complex systems is
the methodology of nonlinear equations, on which the theory of dynamical systems
is based and which form the methodological foundation for the study of complex
systems. Complex systems are first of all dynamic, from the point of view of the avail-
able potential of self-development, systems. Urban development programs establish,
on the basis of nonlinear characteristics for spatial objects, the anticipated course of
events and rules that ensure the implementation of the planned.

Urban development programs are problem-oriented, ie the formulated problem
field at a particular point in time is key. This can be ensuring economic stability,
environmental security, protection of historical and cultural heritage, elimination of
the consequences ofman-made disasters, and others. There are options for combining
and correlating problems depending on the territorial level for which the program is
being developed. In this case, there is a need for subject-oriented and object-oriented
programs that can (depending on the problem) be integrated into integrated urban
planning programs.Urban development programs include analytical and constructive
parts [5].

The analytical part contains: 1) study of the current state of objects and
their constituent subsystems—social, economic, environmental (establishment of
patterns, trends, formulation of major problems, followed by the allocation of prior-
ities); 2) study of the conditions and characteristics of the factors that determine the
functioning and development of objects; 3) development of a hypothesis of develop-
ment of situations, processes or structural states according to those areas of program-
ming which are recognized as key, formulation of target area and development of
variants of its achievement; 4) analysis of resource opportunities, management tools,
legal framework, regulatory framework, time constraints, social requirements, polit-
ical institutions, research and design support and other factors and conditions that
potentially must have a society and territory to achieve the results contained in the
target area of the hypothesis; 5) development of the concept and relevant urban
models, which means the formulation of specific goals (objectives) in the form of a
set of desired and potentially achievable results in a generally parameterized form
(program-target model) aimed at achieving goals, taking into account resource capa-
bilities. The concept means an algorithm for solving a specific problem (problems),
which is a set of the most important elements of the theory (theories) regarding the
problem (problems) under consideration, given in a constructive and acceptable for
practice form.

The constructive part forms, analyzes and evaluates the rangeof possible solutions,
one way or another focused on achieving the goal and selects those that are most able
to change the course of processes, problem solving or change the structural state of
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Fig. 1 Permanent design process in conditions information systems for integrated development
management
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the object in the desired direction. These decisions must be twofold. This means that
normative-target models must be resource-based, ie the measures outlined in them,
the amount of investment must be invested in real opportunities, take into account
real trends in the formation of natural, labor, energy, water, territorial and other
resources, investment growth, change their structure, resources of the construction
industry, building materials industry and other and the whole system of external and
internal constraints.

Moreover, the adopted normative-target models for the near future should be
resource-provided, ie allmeasures should be based on actually provenmaterial, finan-
cial, labor and other resources. In addition, in the constructive part it is necessary to:
- first, take into account the range of main consequences of decisions affecting the
interests of various actors in regional activities; - secondly, based on the target inter-
ests of this program, take into account the necessary and sufficient set of territorially
related factors that can influence the decision taken and reflect them in it; thirdly, to
create the necessary, sufficiently complete, but not excessive information base, able
to ensure the implementation of the above two conditions. Implementation of urban
development programs should involve the creation of significant information arrays
and conduct certain operations with them. There is a need for a database with infor-
mation about the area, which allows you to track the status of design objects,make the
necessary adjustments [5]. The international project GIZ “IntegratedUrbanDevelop-
ment in Ukraine II” (ISEK) continues for the next three years the implementation of
modern models of project processes in Ukrainian post-socialist cities, among which
will be urban programs of dynamic spatial objects.

2 Conclusions

The theory and practice of urban development of Ukrainian cities of the post-socialist
period, as a result of the implementation (2015–2020) of the international project
GIZ “Integrated Urban Development in Ukraine” (ISEK) gained useful experience
and legal basis by adopting the Law of Ukraine № 711-IX (17.06.2020). Compre-
hensive spatial development plans of territorial communities and cities, based on
modern methodological approaches, include Concepts of integrated development,
thus ensuring the sustainable development of territories and settlements in the future.
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Lighting Means as Factors Influencing
the Formation of Architectural
Environment

Aleksandr Vasilenko , Andrii Koniuk , and Kateryna Palii

Abstract Architecture provides comfortable environment, adapts to regional pecu-
liarities of natural environment. Going through the atmosphere, radiant energy of
the Sun, is partially scattered, absorbed and reaches the Earth’s surface in the form
of direct radiation and radiation scattered from the sky. Part of the radiant energy
is reflected from the underlying surface, surrounding objects, and creates reflected
radiation. Elements of the radiation mode are necessary to assess natural lighting of
the premises. As the height of the Sun above the horizon rises, there’s observed a rise
in both direct and scattered components of radiation. Cloudiness affects the intensity
of scattered radiation. Transparent atmosphere increases direct and reduces scattered
components of radiation. Among the various concepts of rural houses in the middle
of the XXth century the most widespread appeared to be five types of planning (three
of them being typical for a large territory of Ukraine), which turned out to be the
result of further development and improvement of the previous planning techniques.

Keywords Comfort of architectural environment · Climatological factors · Urban
development · Natural light

1 Introduction

Within the concept of urban and ecological approach to the formation of the human
life environment one of the main priorities is the research and design direction of
creating bioclimatic and ecological architecture, which enables to multilaterally use
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solar energy and innovative lighting technologies. Under the influence of anthro-
pogenic factors, reduced transparency of the atmosphere due to urban develop-
ment, there occur significant changes in climatic and insolation resources. Espe-
cially it concerns urban development. Light is a natural substance. Natural and arti-
ficial lighting is a means of creating an expressive architectural composition which
provides favorable conditions for interaction between a human and architectural envi-
ronment. Daylight reveals the shape of an architectural object and creates a “light
image”. At night, architecture becomes a source of artificial lighting using technical
design tools. Architectural environment creates an “aesthetic image”.

The problem of determining energy parameters of the environment requires:
-continuous improvement;—implementation of European norms in Ukraine;—
harmonization of the national regulatory framework with EU norms. The problem of
forming a complex of lighting means in architecture is in the focus of social attention
and is a central one in the field of urban planning, architecture and ecology.

The analysis of scientific papers singled out the following unresolved issues. 1)
In the process of designing facades of buildings not enough importance is given to
the role of the form-creating function of natural and artificial light; 2) The problem
of the influence of natural light on comfortable conditions for people has not been
studied.

Topicality of the issue is accounted for by the need to improve scientific and well-
grounded methods of designing architectural objects, taking into account modern
lighting tools. The technique suggested is not fully considered though.

2 Formation of Lighting Architectural Environment

Examples of the first urban planning experience prove that the city plan was oriented
on compass points. In northern countries it was sought to get more sunlight. In
hot countries it was sought to get protected from warm rays. Residents of southern
states when choosing territories for the construction of their cities were looking for
favorable natural climatic conditions. This is evidenced by the location of Priena (the
fourth century BC), Assos, Cnidus cities and others. Each of them has a pronounced
southern orientation. Cities opened up in the direction of the sea and took advantage
of the sea breezes. Warehouses, theaters and residential buildings with courtyards
were oriented to the south [1].

Ukrainian cities Kyiv, Poltava, Kharkiv, Dnieper are located in the 4-latitudinal
belt. Current scientific researchhas proven the need to take into account the possibility
of solar radiation which has a great impact on the light climate of the territory [2].

Aesthetic qualities of natural lighting are revealed: 1. The upper part of the sky
has the greatest brightness. Objects on the horizon are characterized by medium
brightness. 2. Even distribution of light–on flat surfaces. Uneven distribution of light–
on curved surfaces. 3. Natural lighting is created directed, diffused and reflected. 4.
Architectural rhythm is accompanied by the rhythm of light and shadow. 5. Lighting
contrast (light and shadow–aesthetic category).
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Folk housing in the plan has an elongated composition. Large scale type of peasant
housing in Ukraine in the nineteenth century was represented by different variants
of houses. Such housing traditionally had one room.

The most common are proportions of doorways for these types of housing. Door
of rectangular form is widespread. In Poltava region at the end of the nineteenth
century hexagonal doorways were used. Greater width of powerful bars endowed
the opening with monumentality. Massive plastics of exterior door framing becomes
more yielding. Additional elements gradually appear in the solution of the window,
creating a cornice profile, eaves are getting larger. In the eastern part of Ukraine, the
greatest attention is paid to the treatment of windows. In the western part, attention
is given to the design of doorways. In the 50s of the twentieth century, galleries were
made glazed. The rest of the gallery was open. In the western regions, the overhang of
the roof in the galleries rests on columns. These architectural elements have massive
plastic decorative carvings. The entrance to gallery in Lviv region was made in the
form of a wooden arch. In Zakarpattia (Transcarpathia region) galleries were made
in the form of an arcade [3].

The climate of southern, eastern, coastal regions of Ukraine is characterized by
strong, dry winds. The porch began to be built glazed. Due to a large number of wet
days with prolonged rains and fogs, porches began to be designed in the western
regions of Ukraine (see Fig. 1).

Fig. 1 In the middle of the twentieth century, a porch covered with a gabled roof with a pediment
became widespread. The porch (a small canopy over the entrance) was supported by light wooden
supports



564 A. Vasilenko et al.

In the 70–80s of the twentieth century inEuropean countries (Hungary,Czechoslo-
vakia, Poland, Bulgaria), the tendency to provide land plots got widespread. Typical
projects become available for individual construction, which include one-storey
residential buildings and multi-apartment residential buildings with apartments on
two levels. The best individual projects are used for implementation. National and
climatic features of the region are taken into account in projects. Traditions of folk
architecture of the Czech Republic and Slovakia are used in the solution of the main
facade of a one-apartment house of the mansard type aimed for one family living.
The project has the main features of the twentieth century housing laid down. The
main facade of the house is recommended to be oriented to the north or west, the
attic being equipped with a loggia [4].

3 Architectural Form and Natural Light

Vitruvius analyzed the motion of the celestial planets and proposed “analemma of
the Sun”, which is considered to be the main method guide to calculate insolation.
Architects of Vitruvius times called the scientist the first specialist in urban plan-
ning. The review of historical samples has showed that in the formation of the form
architects solved the problem of harmony of natural light and architecture. Vitruvius
emphasized that– “… one part of the Earth lies directly under the path of the Sun,
another one–is far away from it, the third one–is in the middle between them. There-
fore, due to the inclination of the zodiacal circle (celestial equator) and the path of the
Sun, different parts of the Earth receive different amounts of solar energy; it becomes
clear that climatic conditions of different countries must be taken into account to the
same extent when arranging houses. …”.

According to Vitruvius (see Fig. 2), “in the north buildings should be closed. In
southern countries, buildings should be open to the north or northeast. Thus, we can
repair the damage caused by nature through art” [5].

Fig. 2 Marcus Vitruvius Pollio. An outstanding Roman architect, engineer, theorist of architecture
of the second half of the first century BC. He was born a free Roman citizen in Campania. Got an
architectural education. During the Civil War, he participated under the leadership of Julius Caesar
in the construction of military equipment [10]
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Fig. 3 All the premises of a
Greek house were located
around the courtyard, in
which a room dedicated to
god Zeus—the patron saint
of the family—was located.
Covered passages around the
perimeter of the yard turned
into a colonnade. This type
of Greek interior is called
peristyle [11]

At high standing of the Sun, the irradiation of the hemispherical surface will be
much weaker. The temperature of surface heating will also be lower. Vaulted shape
creates conditions for effective night thermal radiation of the coating surface into
space. This promotes rapid cooling [6, p. 38].

To create a comfortable lighting environment, a special design solution wasmade:
the use of natural material; interior design development; the use of wooden sun
protection devices. In the Sahara Desert, designing patios is a must in traditional
architecture. The courtyard is a protection against excess light and heat. In Egypt,
Greece, Italy, Persia, and throughout Islamic architecture, high fences were tradi-
tionally designed to protect against sunlight and sand. These methods were most
actively used in the area between 15° and 37° north latitude (Fig. 3).

In countries with mild and warm climates (USA, China, Iran, Japan), a residential
house is a transformer. And such type of housing has become national. In houses,
outer walls are movable elements which are made of lightweight materials (wood,
bamboo, reeds, paper). Movable partitions can be used. The system of sliding parti-
tions enables to openwalls towards the garden, turns a part of the house into a terrace.
In China, a window frame with a paper coating is used. Depending on the position
of the Sun, the house is opened in different directions. On hot days, raised walls of
the houses form a common roof over the houses. Residential areas are transformed
into a single interior. Later on transformers could increase or decrease in volume.
Three sections could be shifted and turned into one. Architects around the world
design a variety of houses (transformers) which are different from each other and are
designed using the latest achievements of science and technology (see Figs. 4 and
5).

The blocks are mounted on special rotating platforms. They are used on theatrical
stages and car shows. The architects modified this system and eliminated the possi-
bility of vibrationof thewallswhen the roomsare being rotated. In summer, the blocks
get extended from the plane of the building and provide the room with sunlight and
ventilation. In the cold season, they are closed. The house consists of six floors. In
the basement there is a gym and relaxation areas. On the first and the second floors
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Fig. 4 Houses (transformers). Architect–Adam Culkin (USA). Created a structure based on
containers. The project direction is popular. Here can be found compact buildings with a minimum
of amenities for a dozen of squaremeters and comfortable apartments, consisting of several modules
[12]

Fig. 5 House (transformer–1400 m2). Tehran, (Iran), 2019. Project of architectural bureau Nextof-
fice. Residential house. Changes its shape depending on the wishes of the owners. Specialists of
Iranian architectural bureau Nextoffice designed this original Sharifiha house. The width of the
building is quite narrow. Designers have found an unusual solution to this problem. The house has
three huge rooms. Reminiscent of wooden cubes. Depending onweather conditions and the desire of
the owners, they can go outside at 90°. From two-dimensional the facade becomes three-dimensional
[13]
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there is a living room, a kitchen, and a cinema. The other floors have bedrooms,
bathrooms and additional guest rooms. The house has a built-in elevator.

Lifting shutters give a possibility to vary the lighting of the room in many ways.
Lifting shutters, panel and lattice, common to the east of China. Each wall that is
transformed is divided in height into four parts–fixed and movable transoms. Natural
light makes it possible to clearly see all the components of nature and architecture.

Light and shadow is the distribution of light gradations on the surface of three-
dimensional shapes. Knowing the laws of chiaroscuro, one can use them to create a
proper artistic image of an architectural work.

The degree of illumination of the surface of an architectural object can vary within
different limits, depending on 1) the brightness of the light source; 2) the size of the
angle at which the rays of light fall; 3) the distance of the work surface from the light
source; 4) the texture of the illuminated body and color (see Fig. 6).

The intensity of lighting depends on the incidence angle of light rays. The brightest
illumination will always be at the point where the beam of light forms the largest
right angle with the illuminated surface. If a ray reflected at any point on the surface
of an illuminated three-dimensional body enters the eye of the beholder, that point
is visible as the brightest point on the illuminated surface and is called a brilliant
point or glare. When there is an edge on the form, all points of which approximately

Fig. 6 Some rays of direct light are reflected and scattered. Architectural objects are illuminated by
combined light. Such light consists of a complex mixing of streams of direct, reflected and scattered
light [14]
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correspond to this condition, it appears to be lighter than the adjacent surfaces. The
gloss strength of a point and an edge depends on the degree of the reflecting surface.

The texture affects the lighting. The intensity of the illumination of the object
decreases with the increase of the roughness and unevenness of the body surfaces.
Sometimes irregularities on the surface of the form reach such dimensions that their
illumination drops sharply due to the appearance of their own shadows. The lumi-
nance of the surface depends on its color. White reflects light, and black absorbs
light.

Shadows can be falling and own (proper). Protruding element of the facade is
an obstacle in the way of direct light rays. Behind each illuminated object there is a
space where direct light does not get. The shadow of this origin is called falling. Own
shadow is formed on the object itself, where rays of direct light can not fall. This
surface is turned away from direct light rays. If the rays of direct light are parallel to
the plane of any of the faces of the body, then such a face will be in the shadow. The
plane of such a face is conventionally called the plane of the tangent shadow (see
Figs. 7 and 8).

The boundaries of the falling shadow lose their clarity as theymove away from the
body. The boundaries of the shadow in this case increasingly blur and form a gradual
transition from shadow to light. This phenomenon is observed in shadows formed
by the action of reflected and scattered light. The reason for this phenomenon is that
a semi-shadow zone is formed on the border of the falling shadow. A penumbra on
the boundaries of a falling shadow always appears when the light source is not an
ideal point but a surface.

The degree of intensity of falling and own (proper) shadows is various and depends
on–1) the power and position of the light source; 2) the distance of an object or a

Fig. 7 Residential house. Fragment of the facade. The texture affects the lighting. The intensity of
the illumination of the object decreases with the increase of the roughness and unevenness of the
body surfaces. Sometimes the irregularities on the surface of the form reach such dimensions that
their illumination drops sharply due to the appearance of their own shadows and those that fall on
the surfaces themselves. The luminance of the surface depends on its color. White strongly reflects
light, and black, on the contrary, actively absorbs it [15]
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Fig. 8 Residential house. Fragment of the facade. Falling shadow and shadow proper differ in the
strength of the tone. Unilluminated space behind the shadow-giving body absorbs some of the rays
of light scattered in the atmosphere, while the areas of its own shadow (shadow proper) have the
possibility to receive more scattered and reflected light. Falling shadow becomes weaker as you
move away from the body that forms it. It happens for two reasons: due to the action of rays of light
scattered in the atmosphere and due to the influence of the air environment (aerial perspective).
Both of these factors are the reason why the shadows, respectively, appear to be more pronounced
in the close layout [15]

group of objects from the viewer; 3) the shape and the nature of the body surfaces;
4) the presence of illuminated neighboring objects; 5) the state of the atmosphere.

Rays of light scattered in the surrounding atmosphere, as well as those reflected
from the surfaces of illuminated objects nearby, can illuminate and make visible the
relief and the shape of the shadowedparts of objects.Rays of the reflected light, falling
on the shadow area, cause the appearance of lighter spots in the shadow (reflexes).
Reflexes are observed mainly in shady or dimly lit parts of the object. Their intensity
can be more or less significant, which mainly depends on the degree of illumination
of the surface that reflects light, its color (white, as has been repeatedly noted, most
strongly reflects light) and the proximity of the surface which reflects light to the
surface, on which the reflected light falls.

Particularly noticeable reflexes appear when the rays of reflected light fall on the
given surface at right angles. In the falling shadow, reflexes are much weaker.

Light and shadow gradations help to create the impression of volume and spatial
depth of the facades of architectural objects. The main stages of chiaroscuro grada-
tions: light that falls at right angle to the surface of the object, which determines the
most illuminated place, which is second only to the glare; a halftone that appears
when the surface is illuminated by rays of light falling at an acute angle to it; falling
shadow; own shadow; reflex; reflection.



570 A. Vasilenko et al.

Chiaroscuro is a significant means of expression of an architectural form: it
participates in light “sculpting”, modeling of architectural forms, is a means that
characterizes space and depth.

Ukrainian scientists I.N. Skryl and S.I. Skryl were dwelling in their research on
the superbly versatile influence of insolation on the environment, urban development
processes, architectural and aesthetic role of insolation. Insolation actively affects the
contrast of architectural forms, their color perception, the depth of the shadow.Archi-
tectural objects are perceived differently in different climatic regions. For instance,
small protrusions from the vertical plane on the facades in the southern regions of our
hemisphere look contrasting and having a significant depth of shadow at noon and,
conversely, in southern latitudes, they remain invisible or blurred due to the reduced
contrast and slight depth of shadow [7, pp. 90–93].

The most complete and correct idea of the color of the surface is obtained during
sunlight at noon, because sunlight includes the entire monochromatic composition
of the visible part of the spectrum with a more or less uniform distribution across the
width of the spectral range. In the case of illuminating surfaces with diffused light
from the sky, warm colors (red, orange) will be slightly dimmer, because diffused
light from the sky contains a smaller part of these rays than the direct one. With
the change in the spectral composition of natural light as for the latitude of the area
similarly changes the perception of the color of surfaces from south to north.

In southern latitudes, midday colors will be rich, bright and clean, and in the north
they will have pastel, calm tones. Herewith, perception of color is greatly influenced
by the brightness of lighting. As the brightness of natural light decreases in our
hemisphere from south to north, saturation and coloristics of the surfaces decreases
accordingly. With the change of the cloudiness of the skies and even the time of the
day, the level of illumination of the surfaces also changes, i.e. decreases compared
to noon lighting and cloudless sky.

As the brightness of the sky decreases, the level of lighting and color perception
decreases too. It shifts towards shortwaves. Purkine effect comes into action, inwhich
a different darkening of colored surfaces with the same brightness is observed, while
their brightness is being reduced. Moreover, using warm (yellowish) colors, thanks
to this effect, it’s possible to achieve the impression of significant light saturation,
and using cold (bluish) tones for decoration, we get the impression of low lighting.
With the onset of twilight, the human eye switches to peripheral vision with a high
level of sensitivity. The level of color perception by the eye decreases sharply or
disappears altogether, because a person is able to distinguish color only due to the
central vision and the action of light reflected from the surfaces on the cones. As the
light level decreases to a certain value, objects lose color.

At very high brightness of objects, the eye, protecting itself from excessive bright-
ness, reduces the angle of visual perception of objects. As a result, color percep-
tion seems to fade, halftones are distinguished poorly. Here appears the so-called
phenomenon of colors “absorption” by light [7, p. 92].

Insolation has not only positive but also negative properties, for example, sunlight
affects the “fading” of facades, i.e. under the action of ultraviolet rays exothermic, and



Lighting Means as Factors Influencing the Formation … 571

with some dyes–endothermic reactions occur. Dyes vary in chemical composition
and color [8, p. 92].

4 Conclusions

1. As a result of the conducted analysis traditional architectural and compositional
methods of creating forms, which promote the formation of the comfortable light
architecture in natural and climatic conditions of Ukraine and European countries,
are revealed and systematized. By moving from a cold to a warmer climate zone, the
degree of compactness of the real estate development changes.

2. It has been established that these are the climatic conditions and the historical
and cultural development of the region that served the basis for the emergence of the
architectural concepts for the formation of a complex of lighting means.

3. The principles of traditional (invariant) architectural and compositional
methods of forming optimally comfortable light architecture of Ukraine include:
morphological; 2–two-line; 3–single-line; 4–L-shaped; 5–U-shaped; 6–closed.

4. The study identified the stimuli of the psychological aspect of insolation. The
main factor that determines a person’s psychological reactions is the timeof insolation
and the direction of sunlight and the visual “awareness” of a person of the presence
of insolation not only indoors but also in the outside environment.
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The Changing Role of Managers
of Different Levels in the Increasing
Employee Loyalty in the Construction
Organizations

Konul Aghayeva and Iryna Krekoten

Abstract The role of managers has been considered in themotivational processes in
constructionorganizations. It has been indicated thatmodern attitude to the increasing
of employee loyalty requires effective communication of all level managers with
employees. It makes employees feel valued and important for the organization. In
this direction the role of lower-levelmanagers should be increased, and it is necessary
to provide their engagement in the decision-making process especially regarding
setting motivational policies.

Keywords Motivation · Loyalty · Construction company · Top-level managers ·
First-level managers

1 Introduction

Obviously, it is a fact that the construction industry in Azerbaijan is one of the fastest
growing industries, but there have been a few studies related to human resources
management in construction sphere of the country. One of these studies examined
the influence of cultural diversity on innovation in the construction industry, another
study analyzed how human resource management practices of Azerbaijan compa-
nies in construction filed could improve final performance. However, comparative
studies assessing the difference in the expectations and performance of employees at
different levels must be conducted and completed. When top-level managers design
a universal corporate motivation system, they do not take into account the difference
between attitude of employees to results of company that exist at different organi-
zational levels. This mistake leads to failure to achieve the maximum productivity.
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Understanding this gap will lead to increasing of corporate efficiency and provide
high competitiveness of construction companies in Azerbaijan.

2 Main Part

2.1 Purpose of the Article

The aim of this study is to identify the optimum system of motivation and encour-
agement in human resource management in modern building organizations by
considering roles of different levels’ managers in order to achieve high productivity.

The study draws on the works of world scientists devoted to the problems of
forming and developing a system of human resource management of construction
companies in a competitive environment, the management and reproduction of their
labor potential, the principles of comprehensive solutions of management problems.

2.2 Research Methodology

The solution to the tasks set in the study was carried out using a systematic approach
(when studying the motivational potential, the specifics of the activities of construc-
tion companies and their influence on the process of human resource management
in these companies) and an abstract-logical approach examination (in the analysis of
terminology).

2.3 Results

The paper is aimed at improving research and methodological foundations of
human resource management in construction companies by means of motivation
and incentives.

Attainment of the set goal presupposes the fulfillment of the following tasks:

– analyzing role of managers in motivation processes of employees.
– conducting survey for identifying levels of employee loyalty as an attitude of

employees to existing motivational policy in construction organization.
– perfecting the mechanism of incentives for the personnel of construction compa-

nies by changing role of managers in this process and thus increasing loyalty of
personal.

The basic of employee’s loyalty is in their motivational level. Employee motiva-
tion is one of main ways to increase labor productivity, which, is a key element of
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company’s human resource policy. The most popular system for boosting employee
motivation is a system that provide attaining by employees individual goals, to grow
as a professional, and to reach new achievements. The effectiveness of this policy
can be checked through the KPI, key performance indicators.

Most theorists, who explored motivation systems, claimed that only the specified
motivation system is perfect, as it justifies remuneration and helps employees to
earn more and increase their income by spending greater efforts. The system proves
flexible solution; each employee has own reason to be motivated in the workplace,
and gain a result that he/she desires.

However, some part of motivational policy in the company should be based on the
common principles and rules that allow determining which factors can be considered
asmotivational or demotivationalwhen applied to different teams. The understanding
of this process can be based on the traditional theories of motivation (i.e., Maslow’s
theory, Adam’s Equity theory, Herzberg’s theory, Vroom’s expectancy theory).

In the market economy, all enterprises particularly construction enterprises must
continue to operate successfully, and for this purpose, it is necessary to provide
correct personnel policy that is important for the sustainable development in this field.
Construction companies invest a lot of energy and effort into increasing customer
loyalty, but it is necessary to mention that one of the most important keys to a
company’s success is the level of employee loyalty.Different studies found that a loyal
employee is an enthusiastic, interesting, ambitious person who wants continuously
to work and develop with the company. In addition, the manager, being a factor that
directly affects the employee’s performance, is an important factor in the formation
of employees’ loyalty in the construction enterprises.

At the same time, according to different motivational theories, other factors of
working conditions also affect loyalty. Among them, we can mention salary level,
relationships with colleagues, management styles, job content, career development,
managers’ activities, workplace design, team, etc. It has been proved that managers
at different levels influence the performance and loyalty of employees.

Our study, based on previous survey [1], identified motivational and demotivating
factors that impact the level of employee loyalty in construction companies and thus
the impact of it on a company’s outcome.

The results are given in Table 1.

2.4 Scientific Novelty

The study provides an opportunity to present its results as a theoretical generalization
of managers’ role in the motivation process of construction companies. It suggests
the need to consider motivation and employee recognition for labor activity in the
construction company as the most important factor in work performance improve-
ment. It is important to consider the role of different levels managers, which cause
the specifics of human resource management in modern building companies that are
considered in the article.
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Table 1 List of factors
motivating and demotivating
construction workers

Motivational factors Demotivational factors

Compensation Underpayment

Job security Poor supervising

Quality of site management Unsafe work conditions

Timeliness of wage payment Changing of workmates

Bonuses and benefits Aggressive and autocratic
management style

Good relationship with
coworkers

Conflicts

Job satisfaction Prevalence of individual
interests over organizational
interests

Appraisal by managers Long working hours

Good safety program Incompetency of coworkers

Strict job schedule Rework

Recognition policy Lack of recognition

Flexible work Chaos/adhocracy

Duration of break-time Overcrowded work areas

Engagement in
decision-making process

Communication problems

Complexity of work Poor organizational ethics

Status of work Lack of cooperation

Career growth Underutilization of skill

Availability of contract Lack of participation in decision
making

Job responsibilities Poor inspection

Training opportunities Not enough responsibility

Location of work Not enough challenge

Cultural compatibility

2.5 Practical Importance

However, the research in the field of human resource management in construction
organizations in the majority of cases are descriptive in nature; some issues of moti-
vation and encouragement are light poorly or are not considered at all. The lack of
science-based approach that takes into account the specific features of building sector
is one of the reasons for this kind of research.

The guidance notes for practical application of theoretical leadership devel-
opments in building companies also need improvement. The modern leadership
methods do not meet the requirements of practical activity. With this aim the results
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of the study can be applied in the work of construction organizations by making
motivation more systematic and theoretically based.

3 Conclusion

Thus, it is important to have systematic basis for making competent managerial
decisions:

1. Investigate the level of employee satisfaction and loyalty through a question-
naire.
2. Improve existing programs for increasing staff loyalty based on the information
received as a result of the questionnaire.
3. It is important to form loyal staff at the beginning step of work when employees
are newcomers, because there is high possibility of conflict of interests at the initial
stage, so it is necessary to determine the expectations of the employees. However,
the managers of construction companies must keep in mind that satisfying all
employees is unrealistic, always due to natural causes, such as movement, illness,
childcare, etc. At the same time, the retention of low-productive employees, on
the contrary, will have the negative economic impact on the company. Therefore,
being aware of the cost of employee resignation and the level of turnover in the
company will allow managers to provide the cost-effectiveness of the loyalty
programs [3, p. 14].
4. The results of the study concluded that top managers have a big impact on
the performance of employees and their loyalty. In this regard, top managers in
construction enterprises should improve their communication with employees. It
makes them feel valued and a part of the company.
5. In addition, the role of lower-level managers should be increased. They act as
a kind of link or communication tool between top management and employees.
For this reason, they are more likely to interact with and influence employees
in the work process. Therefore, encouraging lower-level managers to involve in
decision-making process can increase their self-confidence and, as a result, create
more productive work process [5, p. 26].
6. Employee performance appraisals should be conducted periodically. No matter
how loyal an employee is to the company, working in the same position for a
long time and not being valued by managers can lead to a decline in productivity
after a certain period. In this regard, an impartial and objective manager plays an
important role.
7. When determining the motivation policy applied to employees, as well as the
reward system, the attitude of managers at different levels should be considered
and a joint decision should be made.
8. Resolving communication problems between previous and new generation
managers can be an important factor in achieving positive results. Business owners
try to take their companies to a new level, combining the theoretical base of young
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people and the real experience of older leaders and applying modern management
systems, this will help construction companies to achieve their goals. In many
cases, the old workers do not welcome young people, consider them as a threat
to their careers and well-being, and for this reason they openly or covertly resist
changes and innovations, and sometimes even openly sabotage them.
9. Injustice in thework environment is unacceptable. If the employee sees equality
in the work environment, he will consider the reward system adequate and will
show a high level of motivation. If he observes inequality, his level of motiva-
tion will decrease. For this reason, managers must be impartial and completely
objective in assessing the performance of employees. Managers must be able to
distinguish personal relationships from business relationships. It is important to
understand that an employee is hired for his/her knowledge and fired for indisci-
pline. The manager must be able to set tasks correctly and distinguish between
responsibilities and obligations.
10. It is mandatory for managers to join self-development programs.
11. Increasing employees’ loyalty using only financial tools is not the right
approach. It has effect only for a limited time. However, non-financial moti-
vational factors must be used to provide long-term and effective loyalty. Among
these factors, there are achievement, recognition, the work itself, responsibility,
advancement [7, 8, p. 55].
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The Main Vectors of Labor
and Education Transformation
of Modern Workforce

Alla Bielova , Svitlana Koval , Nataliia Zhuravska , and Asaf Agayev

Abstract The article reveals that in the long run social and labor relations may
undergo radical changes in three main directions or vectors.

First, the boundaries of the traditional division of laborwill change, the boundaries
of professions will be erased, the rate of “extinction” of traditional professions will
accelerate, and new, previously unpredictable ones will emerge.

Second, forms of employment are changing. Along with the traditional contrac-
tual forms of labor relations, employment in the form of freelance, crowdsourcing,
insourcing, flexible forms of inclusion of professionals in labor activity, remote
employment, project form of employment, etc. are actively developing.

Third, humanmobility increases throughout employment. This is due to the inten-
sification of migration processes (more than 60% of those who change their place of
residence do so for reasons of work and employment), as well as inter-professional,
intersectoral, intra-firm mobility.

“Lifelong learning” as a principle and concept is increasingly developed and
implemented in practice. The trend is becoming more stable when a person changes
his professional affiliation 3…4 times during hisworking life. In theworkplace, tradi-
tional barriers to the professional division of labor are increasingly being overcome.
Jobs are formed for the tasks, competencies of the employee, the client, technology
and more. Therefore, a person needs to be guided in professions not only during their
choice, but also throughout their working life.

Keywords Labor · Education · Transformation · Workforce · Creative business ·
Digital technologies
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1 Topicality

During the presentation of the Economic Audit of the country and Vectors of
economic development until 2030, the Ministry of Economic Development, Trade
and Agriculture of Ukraine identified economic vectors that will be able to ensure
the recovery and future growth of the domestic economy, including [2]:

• Reduction of the state’s share in the economy (continuation of privatization).
• Development of the financial sector.
• Reducing the regulatory burden on business.
• Infrastructure development in the agricultural sector.
• Favorable tax and legal regime for innovative and research companies.
• Digital economy.
• Ukraine’s reputation in the world and strengthening trade diplomacy.
• Creating an economic basis for the development of education, medicine, culture

and social services.

In turn, the above and other processes change the labor market, defining its main
features and vectors of development. In order to predict the probable image of the
labormarket and theworkplace in the conditions of economic transformations, first of
all, it is necessary to clearly outline themain processes andmegatrends that determine
the future of the market and cooperation in the construction sector with innovative
development. It is also necessary to determine how the content of the “work” of the
workforce will change and what will be the “labor activity”. Insufficient scientific
substantiation of the regulation of innovative development of construction and setting
trends allows to determine the idea of the need and directions for these processes
and justifies the choice of research topic.

2 Presenting Main Material

Summarizing the existing numerous studies on the representation of future employ-
ment, researchers identify a number of megatrends that will determine the develop-
ment of the labor market in the near future. Automation and robotization of produc-
tion processes, the introduction of digital technologies and artificial intelligence is
a far from complete list of global trends that will significantly affect the workplace
of the future labor market. A global trend is an objective trajectory that affects and
changes society as a whole. Along with it, the market, the environment and working
conditions are changing. The main current global trends affecting the transformation
of labor and workforce skills are [4–10]:

1. Creativity of business. Modern progressive economy in terms of economic
theory is characterized as “knowledge economy” or “information economy”, the
main features of which are the intellectualization of labor, generation of new ideas,
business creativity, digitalization of technology and more.
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The new economy is formed on the basis of the use of imagination, creative
resources and knowledge, which are transformed in the form of new ideas and values.
Accordingly, the success of economic development is determined by the efficiency of
the synthesis of creativity, entrepreneurship and technological innovation. Creative
industries, operating at the intersection of art, culture, business and new technologies,
today form the basis of a developed world economy.

In Ukrainian society, creative industries and creative entrepreneurship are rela-
tively new concepts, but they are well known in Europe, the United States and other
developed countries due to the possibility of practical adaptation. Innovation and
creativity are one of the priorities of the European Union’s socio-economic devel-
opment program “Europe 2020”, the main purpose of which is to promote creativity
through lifelong learning as a driver of innovative development and a key factor in
human development.

Intensive development of the modern knowledge-intensive economy determines
the formation and implementation of the concept of creativity, which provides inno-
vative progress of socio-economic development. It should be noted that the creative
economy significantly expands the possibilities of traditional production of goods and
services. Creative industries are effectively developing and interacting with sectors
of the traditional economy. They now account for 7% of world GDP, growing by
10% annually. The sphere of creative entrepreneurship is developing more rapidly,
even than the production and services market, providing jobs for about 8.3 million
EU citizens, which gives it the status of an effective economic model [1].

The impact of creativity on the economy is determined by such indicators as job
creation, the ability to attract investment and use it effectively, the creation of value
chains in which representatives of “traditional” and creative industries are combined
and interact. By definition, creative industries are understood as a set of economic
activities that are the basis for the formation of added value and the creation of
new jobs through cultural (artistic) and creative expression. Goods and services that
are the result of such activities are the result of creativity, skills and talent of the
individual.

Therefore, to assess the effectiveness of creative industries, thewhole chain should
be explored: from the generation of a creative idea through the formation of an innova-
tive product to the generation of added value. In the context of growing globalization
and the growing needs of companies to ensure sustainable success in the market,
there is a need to increase the efficiency of operations. This task should be addressed
on a par with others, such as the ability to think innovatively, providing a dynamic
strategy for the interaction of resources and competencies in accordance with the
requirements of the environment. The emergence of innovative enterprises generates
the ability and motivation to find new solutions, concepts and ideas aimed at devel-
oping and improving the efficiency of technologies and activities. By increasing its
own competitiveness, the company affects the state of the economy not only nation-
ally but also European. The key resources of companies are creative workers with
unique competencies, a lively mind, a desire for excellence in business and ensuring
effective growth through innovation. In order to initiate innovation, many employers
have adopted a strategy of competency management by encouraging and motivating
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employees through self-realization and promoting the realization of their creative
potential and creative abilities.

Because creativity-based production is creative, the extraordinary development
of digital technologies and the globalization of information exchange networks have
made the creative sector one of the most dynamic in the world. Creative industries
create new jobs, diversify the economy and create a comfortable urban environment.
In developed countries, the creative sector of the economy generates up to 10% of
national GDP [1].

Promising research of the present is the identification of factors influencing the
formation of creative industries in Ukraine, the actualization and justification of the
implementation of the concept of creativity of the economy of Ukraine. Thus, the
identified indicators of creativity should include increasing the competitiveness of
existing businesses, increasing local budget revenues, improving the quality of life,
reducing the outflowof talent, increasing the investment attractiveness of the territory,
increasing tourist activity, improving the quality of cultural life. Some studies have
proved the impact on the GDP of Ukraine of innovative development of creative
sector enterprises in the chain “generationof creative ideas→ formationof innovative
products→ generation of value added.” Numerical measurement of the effectiveness
of creativity through correlation-regression analysis proves the existence of a close
relationship between GDP, the number of enterprises producing innovative products,
the volume of sales of innovative products and the volume of innovative products
exported. Such a multifactor model can be used to assess and forecast the impact
on GDP of the development of innovation in Ukraine, where a significant share are
enterprises belonging to the creative sector.

Thus, the unique properties of human capital, talent, knowledge can be a stimulus
for the development of the domestic economy, realized in the form of creative indus-
tries and act as a tool for generating value added nationwide, providing consumers
with innovative products. Therefore, it is important for Ukraine to adopt a strategic
program document, within which the state will carry out targeted work for the forma-
tion and development of creative potential. At the state level, it is necessary to address
the issue of supporting creative industries, which consist in the simultaneous develop-
ment of such areas as, for example, the introduction of special education and lifelong
learning.

The transformation of the education system requires a radical reform aimed at
bringing the quality of training in line with the requirements of the creative economy.
A modern professional must not only have certain knowledge, skills and competen-
cies, but also be able to generate them throughout his life. It is also necessary to
introduce programs to support creative entrepreneurship, work on grants, introduce
educational programs in this area, promote the opening of new enterprises in the
creative economy sector, provide them with soft loans. We also need a progressive
legal framework, namely a law on support for startups, simplified tax conditions, tax
rebates for those who invest in innovative industries, and affordable business condi-
tions. Successful creativity in the form of creating a favorable intellectual environ-
ment and developing a system of socio-economic interaction will allow employees to
realize their own creative abilities by generating new ideas and implementing them
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in the form of innovative products that will ensure sustainable development of the
domestic economy.

2. Digitalization of technologies. Given the modern signs of development of
society, it can be argued that the modern information society of the world has
reached the next stage of developmenthas become digital. This term directly indi-
cates the way all public institutions operate: the activity is realized through digital
visualization of objects. Therefore, today the most commonly used terms are: in
Europe-digital economy (Digital Economy), in the US-API-technology (Applica-
tion Programming Interface technology). That is, the digital economy is an economy
basedondigital computer technology.Thedigital economy is also sometimes referred
to as the Internet economy, the new economy, or the web economy.

According to research by McKinsey Global Institute, cross-border data flows
have increased 45-fold over the past decade, and continue to grow. Given today’s
challenges and responding to rapid change, the EU has embarked on a new common
market-digital,which should strengthen existing economic freedoms and foundations
throughout the community and develop digital technologies—take full advantage of
risks, minimize risks, respond quickly to challenges, including security. The role of
digital technologies in EU trade policy is also significantly increasing, whichUkraine
must take into account [3].

The digital economy is based on the widespread and widespread use of auto-
matic systems, devices and equipment using computing and control units and devices
capable of functioning without human intervention. When equipped with executive
bodies—mechanisms, they turn into works that can directly replace human labor
or a number of its functions and actions. The modern digital economy is artificial
intelligence, robotics, electronic money, industrial biology, large data processing,
unmanned vehicles, and so on. For the general public, the “digital economy” means
a new level of digital service, when most purchases and services go online.

The peculiarity of Ukrainian digital development is that the users of online tech-
nologies are small and medium-sized businesses that somehow work on the Internet
and mostly use digital methods to promote their services.

The digital economy is the economy of virtual worlds. Its main space is the
Internet. But it should be understood that not only the Internet determines the direc-
tion of the digital economy—it is about technology in general: smart apartments,
smart cities, jobs that completely replace people, online stores (Amazon, Aliexpress),
Internet banking (Privat 24), messengers (Facebook, Telegram), etc. This is exactly
what distinguishes the digital economy from the traditional one—it is consumer-
oriented. Therefore, you can often hear instead of “digital economy”-“economy on
demand” (on-demand economy).

The global digital space is developing dynamically under the influence of active
investment activities of theworld’s leading countries and the influential policies of the
world’s largest IT companies. There are structural shifts in the capital market, which,
first, form a growing trend of investment in global projects through the formation
of consortia and integration groups with the participation of leading countries and
intensively developing countries. Secondly, global investment flows are directed both



584 A. Bielova et al.

in the technology of “mass demand” (Internet games, e-commerce) and in the tech-
nology of storing arrays of databases, which leads to the monopolization of global
companies on intellectual capital and digital information space. Third, the develop-
ment of global and local digital markets creates favorable conditions for countries
with a high level of education and the level of informatization of national economies
[3].

Thus, the digital economy is not only the digitalization of production, distribution,
exchange and consumption of goods, but a system of more general processes, in
relation to which the economy is one of the applications. The digital economy as a
global concept of modern economy puts forward new standards of quality of life,
work and communication between people. The ability to adapt quickly to change and
optimize in the shortest possible time, adapting to global trends—themain challenges
posed by today’s digital economy.

No less important are the socio-economic consequences of digitalization, because
the displacement of man from the production process is a global social problem. The
modern global labor market is a complex multi-component and dynamic system
that is permanently affected by information technology, which entails changes in
the content of the labor process, its organization, employment structure, social and
labor relations. Objective automation processes, even if restrained by governments
and society, will accelerate and possibly reach the point where only a few million
highly qualified professionals will be enough to support the entire global produc-
tion and logistics system. In this sense, the reduction of available jobs in the world
economy, the emergence of a whole class of “extra” people, total retraining of staff,
the destruction of the usualmechanismsof “guarantees of the future” (decent pension,
guaranteed social protection, etc.)-quite possible realities.

In addition, the impact on labor resources of technology development and automa-
tion is unpredictable. This process is so complex that no country reportedly has a
formal strategy for adapting to future change, and governments face ever-changing
priorities in trying to develop effective strategies for the digital economy. An analysis
of adaptation strategies shows that today we can observe certain types of actions that
are to some extent applied or discussed by governments to mitigate future shock.
Such actions include, in particular, stimulating the creation of new types of jobs. In
today’s economy, it is very difficult to create conditions that are guaranteed to create
jobs in the long run. Companies can maintain jobs as long as there are subsidies, but
abandon them in favor of more efficient solutions when subsidies end. A possible
solution would be to support areas of the economy where human action is virtually
impossible to replace with a robot or neural system. This leads to a change in the
interpretation of the very concept of the workplace, when instead of work a person
will be engaged in the realization of their creative potential, which will correspond
to the trends of the network society.

At present, digitization technologies are penetrating all areas of human activity.
Unlike analog data, digital data is discrete, it can be stored, copied, analyzed and
transmitted virtually without restrictions. Another important aspect of digitalization
is the gradual “replacement” of familiar reality with digital, augmented or virtual
reality. Virtual reality technologies amplify the digital world, and augmented reality
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technologies blur the boundaries between worlds. Augmented reality is used in the
workplace in complex industries, forming newways of working, communicating and
collaborating across the enterprise.

The digital labor market also contributes to the formation of innovative employ-
ment. As a result of structural changes in the economy, the share of industrial produc-
tion is declining, which shaped the demand for standard employment. The service
sector, which operates under flexible working hours, is growing with a longer or
shorter working day than the current legislation. There is a growing need for greater
mobility of labor resources, which leads to a stronger role of fixed-term employment
contracts.

Thus, digitalization, like any change, has its pros and cons. The main risk of
digital transformation of the economy is a possible rise in unemployment. According
to the analytical materials of the World Economic Forum in Davos, each industrial
revolution did lead to unemployment at the initial stage, but after a short period of
time (1 to 5 years) there were new needs and demands from the market, which led to
new professions. In fact, each industrial revolution created new types of economic
activity, new approaches, models, and this in turn changed the labor market [4].

McKinsey & Co. estimates that by 2030, 400 to 800 million people (15 to 30%
of the world’s workforce) will be out of work through the development of artificial
intelligence and automation. Many operations performed by employees today have
the potential for automation. According to McKinsey, about 60% of all occupations
have at least 30% of activities that can be automated using modern technology.

There are other estimates, for example, according to the European Commission,
about 50% of current jobs in the world can theoretically be automated. This means
that human labor in some processes will not be needed [4].

Another example—according to the analysis of Visual Capitalist, in the US by
2030 will be digitized [4]:

– 50% of jobs in trade;
– 57% of jobs in the field of transport;
– 60% of jobs in agriculture;
– 60% in production;
– more than 70% in the field of accommodation and food.

According to theUkrainian Institute of the Future, the situation on the labormarket
in Ukraine in the perspective of 10 years may be less dramatic than in developed
countries. In the next 3–5 years, digitalization and automation, on the contrary, will
solve the problem of labor shortages [4].

This is due to the fact that digitalization not only leads to the disappearance of
professions and reduced use of human labor, but also creates new industries (sectors,
professions), provides unlimited opportunities for the realization of human skills and
talents. For example, according to a study by McKinsey’s Paris office, the Internet
has eliminated 500,000 jobs in France over the past 15 years, but at the same time
created 1.2 million more. That is, instead of one liquidated job, 2.4 new ones were
created [4].
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Thus, total digitalization and the development of the digital economy in Ukraine
will somehow be accompanied at the first stage by negative processes of job loss,
but digitalization will create new directions, which in a few years will lead to new
demand, which, as the experience of industrial revolutions shows. much greater than
the demand of the past period.

Thus, professions that require social and emotional skills, special cognitive abil-
ities, such as logical thinking and creativity will be in demand. In order to be in
demand in an extremely changing world, a person must constantly learn. It is here
that the principle of “knowing how to learn throughout life and become self-fulfilling
and competitive” is critical.

Ukraine needs tomove forwardwith amodern national curriculum for general and
professional digital competences and skills as key components of the digital economy.
The priority of the state should be to create and coordinate relevant initiatives and
provide resources. The state strategy to prevent the risks of job losses has several
levels of implementation:

• educational, the creation of academic programs and educational infrastructure for
the training of specialists in new specialties;

• retraining programs for citizens and adaptation programs for citizens;
• structural initiatives: updating the state classifier of professions, is development

and approval of the list of digital professions (based on labormarket requirements,
digital trends), their introduction in specialized educational institutions.

Thus, it can be argued that the world has entered a new era in which the impact
of digital technologies is increasingly being felt in all sectors of the economy [4]:

1. Digitalization is radically changing traditional industries and sectors. There
is a change of classic business models, analog processes and operations flow into
the Internet, it is possible to form personal proposals for each individual client.
Automation and robotics minimize the need for human resources, rapidly increasing
efficiency and productivity. Radical changes are taking place in those industries
that are considered basic for Ukrainian industry, metallurgy, oil and gas production,
energy, construction, etc.

2. Digitalization creates new sectors and segments, as well as new professions.
According to the Ukrainian Institute of the Future, up to 60% of value added in
Ukraine in 2030 will be created in new high-tech sectors of the economy, such
as artificial intelligence, robotics, bioengineering, 3D printing, nanomedicine and
others. In the future, 65% of today’s children will engage in activities that do not yet
exist today.

Therefore, the digital economy is not a separate sector of GDP, such as the ICT
industry or industry, it is a platform that, like the human circulatory system, permeates
all sectors of the economy, radically changes them, changes the structure of the
Ukrainian economy, creates new segments and even industries, uniting them into a
single whole. The impact of digitalization is determined by the added value it creates
for each sector of the economy or sphere of life at the macroeconomic level, or for
a specific product or service at the micro level. And the main effect of digitalization
is to change the value chains.
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However, technology and digitalization will displace people from their usual
processes-production, services, entertainment, trade, education and even medicine.
First, the work will be in the nature of numerous but short-term projects. Previously,
it was believed that having a permanent job is a guarantee of success and security.
However, against the background of recent changes in theworld economy, permanent
employment does not guarantee permanent employment. By 2040, the labor market
will mainly consist of peopleworking simultaneously in several places in small firms,
working part-time. Daily monotonous work, consisting of the same responsibilities,
will be replaced by a business that will provide many short-term projects, the diver-
sity of which a person will control independently throughout life. Thus, people will
carry out small projects lasting from a few days to several years, which will create
the conditions for an increase in the number of entrepreneurs who work exclusively
for themselves.

Thiswill be the locomotive of the bulk of jobs by2040. Secondly, a large number of
different employment agencies will be involved to find highly qualified and creative
professionals. If now recruitment agencies are looking for specialists of the general
public, in the future it will be a search exclusively for creative people with special
abilities, and in the future such recruitment companies and organizations will play
a more prominent role in public life. Third, the responsibility for one’s own success
will increase over time. Professionals will have to constantly develop future projects,
as well as permanently develop special skills and obtain the education necessary for
the successful implementation of these tasks.

3 Conclusions

Thus, in the long run, social and labor relations may undergo radical changes in three
main directions or vectors.

First, the boundaries of the traditional division of laborwill change, the boundaries
of professions will be erased, the rate of “extinction” of traditional professions will
accelerate, and new, previously unpredictable ones will emerge. Experts note that in
the coming years, up to 10%of existing professionsmay disappear. From this point of
view, the principles of division and cooperation of labor are changing. Rigid consol-
idation of functions in a particular profession, including in professional standards,
contradicts the dynamics and flexibility of the social and labor sphere. Robotization
and automation radically change the content of work in all industries and types of
employment, which, accordingly, changes the requirements for employee compe-
tencies. Thus, narrow professional training contradicts the need for the formation of
cross-cutting, supra-professional competencies (sociability, non-standard and critical
thinking, the ability to work with modern digital technologies, etc.), the importance
ofwhich is growing every year [5]. Both at the beginning of the career and throughout
the work a person needs to navigate in the world of professions, in the dynamics and
prospects of their changes in order to timely form and develop their competencies,
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increase their competitiveness in the labor market taking into account the prospects
of its transformation all life.

Second, forms of employment are changing. Along with the traditional contrac-
tual forms of labor relations, employment in the form of freelance, crowdsourcing,
insourcing, flexible forms of inclusion of professionals in labor activity, remote
employment, project form of employment, etc. are actively developing. At the same
time, new forms are becomingmore andmore acceptable for young people and highly
competitive staff. Therefore, during professional self-determination and career guid-
ance it is necessary to take into account not only transformations in the content and
division of labor, but also opportunities, prospects for the use of flexible (new) forms
of social and labor relations.

Third, humanmobility increases throughout employment. This is due to the inten-
sification of migration processes (more than 60% of those who change their place of
residence do so for reasons of work and employment), as well as inter-professional,
intersectoral, intra-firm mobility.

“Lifelong learning” as a principle and concept is increasingly developed and
implemented in practice. The tendency becomes more stable when a person changes
his professional affiliation 3…4 times during hisworking life. In theworkplace, tradi-
tional barriers to the professional division of labor are increasingly being overcome.
Jobs are formed for the tasks, competencies of the employee, the client, technology
and more. Therefore, a person needs to be guided in professions not only during
their choice, but also throughout working life. As a result, objectively there is a need
for such a mechanism that would allow the workforce in the face of exponential
changes in advance to communicate between technological transformations, trans-
formations in the division of labor, in the “world” of professions, education, labor
market, development. Therefore, the main effect of regulation will be to increase
the level of innovative development for many industries, including construction-
increasing the profitability of its members, competitiveness, as well as increasing tax
revenues to budgets at all levels.
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Strategies of the New Time
in the Perspective Development
of Innovation-Oriented Economy
of Ukraine
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Abstract The current tasks of ensuring the innovative development of the economy
are considered in the article, given the development of new projects and strategies
that are innovative and cover the development of each country, taking into account
the importance of economic, social and environmental vectors. Redesign of social,
economic and environmental vectors is substantiated with the use of intelligent solu-
tions with appropriate technical and technological provision and professional provi-
sion. New prototypes of the way of life of society are described, in which newmodels
of economic and social institutions are shown, which have a digital platform and are
focused on new values, which are characterized by intangible character. Collec-
tively, such changes are manifested in the development of effective mechanisms for
the development of urban areas, based on the efficient use of natural resources, smart
urban infrastructure, focus on quality man-made changes, ensuring the basic needs
of the population and provision of sustainable development. The innovative dimen-
sion of constructing the city of the future is determined, which is manifested in the
multistructuring of urban infrastructure and the offer of new services, which are an
element of new values.
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1 Innovative Dimension of Modern Economy Development

1.1 The Concept of Continuous Improvement
as an Innovative Transformation

The world is changing every day, which is a logical process of transformation. Any
changes can be assessed in differentways–themain thing is the result, which becomes
the starting point for further development. The basis of modern economic develop-
ment is a fundamental rethinking and general redesign of information, technological,
economic, socio-cultural processes to ensure the balanced development of social,
economic and environmental vectors that collectively characterize the sustainability
of the national economy development. Balance, temperance of transformations as a
logical process of business development was substantiated by M. Imai, which owns
the development of the management concept «Kaizen» [1] (continuous improve-
ment)–Japanese business philosophy, themain idea of whichwas sustainable gradual
development as continuous progress, which does not involve large-scale (radical)
transformations, but has a positive effect on the process itself. The importance of
the result in this concept is lower than the development of the process itself, in
the improvement and modernization of which there is a long-term effect with its
further increase. Kaizen’s management concept belongs to the idea of innovative
development, opening new opportunities for the use of unlimited human potential,
thus expanding key competencies as an unconditional competitive advantage of the
enterprise. The idea of the management concept of «Kaizen» is implemented in the
concepts of Lean Production and Total Quality Control, as the basis of innovative
management, namely amodern approach tomanagement to ensure sustainable devel-
opment. A key aspect of this innovative concept is to achieve results through the use
of internal mostly intellectual resources of the enterprise.

In modern business conditions, companies do not compete for supremacy in
motion (which is inefficient), but try to achieve leadership positions in the speed
of reaction with the definition of the right direction for further development. A
new direction of development, which covered all areas of business in the world,
is the application of the Lean management concept, which is characterized by the
priority of experiments over planning, the predominance of associative thinking over
rational, continuous adjustment of management models, production, economic and
information relations [2, 3].

This concept has already attracted the attention of large companies, for which it
has become a tool to increase business competitiveness. Significant efficiency from
innovative transformations can be obtained by implementing the concept of «Lean»
management in the strategy of sustainable economic development (Fig. 1).

Lean-transformation is a reaction to the need to form a reference version of
the generalization and synchronization of changes in the new rules of formal and
informal institutions, adapted to the actual conditions of sustainable economic devel-
opment. Lean-development of innovative economy is the result of intensification of
rational and irrational human activity in the global multimedia environment, which
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Fig. 1 The lean management concept in the innovative development of the economy

creates better conditions for the development of vectors of sustainable development,
increasing the efficiency of economic, environmental and social processes in forming
a new economic model. This is to promote greater efficiency of the management
process through the formation of such a foundation that best meets the requirements
of the current generation and takes into account the expectations and prospects for
future generations.

Lean-concept seems simple, but at the implementation stage there are difficulties
associated with obtaining the result is not complete, which states a violation of the
algorithm for implementing this concept.

The main markers of successful implementation of this concept are:
1. The focus on the human factor–the implementation of innovative transforma-

tion should begin with a change in traditional thinking and culture that has developed
at the enterprise. This is a transition to new values that should be accepted by staff as
the main idea of further development with a new type of behavior and relationships
that is implemented in all business processes. This should be a fundamental aban-
donment of the old templates in favor of a new management model, familiarizing
each specialist with the new conditions, technologies and tools that are adopted with
an understanding of their prospects as opposed to outdated methods.

2. Transformation as an element of the business system–Lean-concept should
be a development strategy, not a program of action. These are much broader and
fundamental changes that cover all levels of enterprise activity with the transfor-
mation of mission, strategy, values, culture, management and business processes.
Changes solely in the level of behavior anddecision-makingwill not give the expected
result. This should be the value level at which a new hypothesis of the existence and
development of business with a focus on new goals that meet the accepted concept.
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3. The culture of continuous improvement–the introduction of a newmotivational
culture of the desire for constant renewal as in line with modern trends. This is the
construction of a newmanagement systemwith the establishment of ambitious goals
and motivational tools that come from each employee with an understanding of the
importance of change and continuous improvement, which should be implemented
at all levels of the enterprise.

According to the Lean concept, business organization is focused on transferring
the idea of step-by-step changes in modifying the development strategy with the
priority of sustainability as the basic mission of the enterprise with achieving a
balance in the interests of present and future generations.

1.2 Intelligent Solutions in Ensuring the Innovative
Development of the Economy

The introduction of new management technologies should be carried out in parallel
with the implementation of intellectual innovations, which are the basis for achieving
a balance in ensuring sustainable economic development. Today, intelligent solu-
tions are especially in demand for the development and implementation of inno-
vative energy technologies that provide a new dimension of the development of
environmental, social and economic vectors.

Intellectualization of technologies has become especially relevant today, because
the management systems have the functionality of intelligent data processing, but
it is underdeveloped due to the inconsistency of intellectual and technological
processes. This encourages the promotion of innovative processes in the development
of information technology support management system for well-established business
services in accordance with the multi-purpose guidelines for its development. It is
necessary to mobilize the intellectual potential to ensure a qualitatively new level of
business processes, thus laying the foundation for its continuous coordination with
the requirements and requests of the management process for decision-making and
development of enterprise development strategy. There is a clear change in the tech-
nical side of management to intellectual, creative, analytical, which contributes to
the formation of new business properties.

Themodern economy is developing in accordancewith themain goal of the energy
strategy, namely: the creation of an innovation-oriented energy center, which imple-
ments the latest technological and intellectual projects designed to ensure moderate
use of energy resources in accordance with the internal and foreign economic inter-
ests of the country with the provision of social development. Achieving this goal is
achieved by gradually solving a set of tasks, including: improving energy efficiency
of business, further integration of the national energy complex into the global energy
system, taking into account the latest innovative developments and borrowing world
experience, the formation of the energy ecosystem in accordance with the concept
of sustainable development.
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At present, the global scale of energy supply should shift towards the use of inno-
vative energy-saving technologies that use alternative energy sources and renewable
energy sources. In particular:

– wind energy–the use of kinetic energy of air masses to form an alternative energy
source used for the needs of society and the economy;

– geothermal energy–obtaining an alternative source of heat and/or electricity due
to the heat of the earth’s depths;

– solar energy systems - the use of collectors and solar systems, as well as solar kits
to convert solar energy;

– biofuel energy–the use of wood waste, industrial and household waste, high-
yielding plants to obtain an alternative energy source;

– hydropower–systems for converting water flow energy into electricity, etc.

New opportunities in the use of alternative energy sources are based on innovative
solutions based on ingenuity, intelligence and savvy. Innovative solutions are based
on ideocognitive methods that combine creative approaches with a priori knowledge,
forming new knowledge that becomes a unique resource and provides a competitive
position of the economy.

New projects are subject not so much to the patterns of formal institutions, but
because in the «people’s heads» and thus affect the innovation process, emphasizing
the creation of new conditions for sustainable economic development. Thus, the
success of the modern economy is described by researchers through perception,
reactions and feelings–non-traditional factors for economic theory, which is a mani-
festation of financial and economic leadership, defining the scheme and stages of
change and transformation [4], as a result of which the economy develops in a new,
innovative version, providing a factor of sustainability in economic, social and envi-
ronmental vectors (Fig. 2). Perception is used in analysis [5] that has a positive effect
on the reality of economic development models, minimizing risks and uncertainty.

The innovative foreshortening of sustainable economic development is a new
hypothesis of continuous changes by the transformation of social, economic and
environmental processes through the integration of tools and phenomena necessary
for the creation and dissemination of new methods provided by intellectual activity
of specialists who should have the art of strategic thinking [6]. The main emphasis is
on: expanding professional judgment through the activation of intellectual potential
without limiting only professional knowledge, using an interdisciplinary approach
to professional development; creating a team «by interests», motivating the increase
of activity to self-development and self-learning, focusing on the practical result
and giving responsibility for the decisions made; maximum consideration of the
characteristics, thinking and implementation of the acquired knowledgeof employees
to determine the limitations,which can inhibit the development of the total intellectual
potential in the actualization of the innovative basis of economic transformations.

Innovative transformations in the economy can be carried out on the basis of
organizational and methodological principles of I-engineering, which corresponds
to the essence of innovation as an objective and logical process of ensuring sustain-
able economic development. This is a reasonable redesign of social, economic and
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Fig. 2 Innovative foreshortening of sustainable economic development

environmental vectors using intelligent solutions with appropriate technical and
technological ensuring and professional provision.

I-engineering is not a transformation caused by an attempt to save a business
whose viability turned out under threat due to the influence of objective internal
and external causes. This is an optimization of a strategy that works quite effec-
tively, but needs to be changed, taking into account environmental factors and the
needs of the management process. The main principle of I-engineering is efficiency,
which provides instantaneous (speed) implementation of all structural transforma-
tions, which are the result of a thorough assessment of internal and external factors
and business indicators, which are adjusted over time and completely replaced by
new.

Under I-engineering we understand the need caused by the underestimation of
human resources due to redundancy in determining the effectiveness of information
and communication technologies, which corresponds to the essence of innovative
economic development. I-engineering is based on the development of projects that are
compiled in accordancewith: indicators that characterize the evolution of the external
economic environment; internal business parameters; forecast of enterprise devel-
opment; analyzed initial conditions for implementation and change; selected areas
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of change; assessments of probable risks; personnel management policies; strategies
and tactics; motivation, etc. This is a new scenario of using intellectual innovations to
meet the needs of modern society and future generations, which is realized through
the offer of ideas, which are characterized by a fundamentally new approach to
economic development, which determines the trend of tools of responsible business.

2 Innovative Projects of the Metropolis of the Future

2.1 The Main Drivers of Innovative Transformation
of the Future

Today, government, scientific and business structures have a common question to
address–what are the likely ways to develop innovative technologies and society,
trying to create a personalized model of the future with a forecast of socio-economic
and environmental processes. One of the main aspects of modern development
scenarios is the adaptive nature and variety of hypotheses, which focuses on a new
level of development through the use of innovative tools. The concept of multivariate
development is based on the scale of modern innovation, which is characterized by
formal and informal nature of methods, tools and technologies, the balance in which
fluctuates between normative and personalist theories, reconciling traditional and
innovative viewswith the definition of new priorities as a basis for following different
options for sustainable economic development (Fig. 3).

Multivariate development involves the expansion of models of society and
economy, which today are based on innovative projects, collective knowledge, new
values and views with a culture of relationships at the technological and intellectual
levels. Today, according to researchers, there is a clear shift towards a new reality,
where the dominant role will be in the innovative cities of the future and «wild» (by
our definition) knowledge, and selfishness will be replaced by «Ecoizm», namely a
project on ecology in the broadest sense words [7].

Ecoizm is one of the main drivers of innovative economic development. This is
a «green» aspect of economic development, aimed at ensuring a balance between
society and the environment in order to preserve natural resources for future genera-
tions. Among other drivers, the main ones are those that provide economic and social
development in a new format of global innovative change.

1. Total automation of social, economic and environmental vectors of develop-
ment, widespread introduction of artificial intelligence, robotics and biotechnology.
There are already examples of global automated projects, in particular, the virtual
economy, which allows you to form economic processes and economic relations in
augmented reality, using technology platforms, computer games and social networks.
It is going beyond the traditional material reality with the creation of new economic
rules that are subject to informal principles, which affects the emergence of new
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knowledge, competencies and professions. Accordingly, new educational technolo-
gies are emerging, resulting in the training of new generation professionals with
advanced and binary skills and competencies, characterized by a creative approach
and the ability to combine knowledge into a collective experience, forming a new
hierarchy of productive teams capable of solving contextual tasks. This range of
innovative knowledge is implemented in new technological sectors of the economy,
which is a new generation of economic sectors with a high level of competitiveness
and sustainability, given the innovative nature of their basis. This is the creation of
a fundamentally new sector of the economy, which corresponds to the essence of a
multimedia society with the offer of new professions, which significantly reorients
the labor market.

2. Digital trend of transformation of society and economy. The digital stage of
development of the modern world is characterized by the intensity of the introduc-
tion of digital technologies and digital reorientation of socio-economic processes,
puts forward new requirements for the approaches used in the formation of strategies
and models of development. First of all, this is due to the fact that today the external
environment is changingmuch faster and deeper than before, and the degree of uncer-
tainty about the impact of various factors on the future is growing. Approaches to
the development of innovative strategies have evolved under the influence of new
conditions of world development, the internal source of which is a person with his
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psycho-physiological characteristics and the ability to transform thinking. Digiti-
zation Driving Strategy is a serious step towards radical change. Such a strategy
cannot be defined as a modernization tool that integrates with the overall business
strategy. Digital change is a global transformation based on digital principles with
the incorporation of their basic provisions into the development strategy, business
model, environmental activities and general culture of society.

3. The trend of global professional growth - modernity dictates the requirements
for expanded professional knowledge and competencies, which involves the tran-
sition to the concept of learning «full life» for the formation of supra-professional
competencies that meet current and future stages of economic and social devel-
opment. The universal set of professional competencies should include not only
professional knowledge, but also additional skills that correspond to the technolog-
ically and intellectually oriented world, in which innovation is the basic driver of
change. So, necessarily determined presence of systematic and creative thinking,
collaborative skills, media literacy and stress resilience is mandatory, in particular,
in conditions of information overload and information noise. To perform complex
tasks, the skills of predicting the future, developing parallel hypotheses and fore-
casting different scenarios should be acquired, which is implemented in conjunction
with the skills of operating large data systems. Non-technological competencies that
are unique to a person should also be acquired, which is necessary to given the impor-
tance of emotional intelligence in the formation of strategies and decision-making.
This symbiosis of knowledge and skills should be realized in the integrated compe-
tence, which is plastic in terms of mastering the socio-economic processes that are
constantly accelerating.

The transformation of the present and the future is carried out on the basis of
innovation singularity, when changes become revolutionary and completely change
the usual picture of society. Innovation should be a constant in today’s world with a
continuous cycle of improvement and generation of new ideas that should compete
with existing strategies, models and programs of development. Also the determining
factor is time, i.e. acceleration of processes of innovative development with the offer
of new developments that corresponds to dynamics of the modern world. In this
aspect, innovations are considered from the point of view not of modern technology,
but of a perpetual motion machine that mobilizes resources and contributes to the
achievement of prospects at the formal and informal levels. A distinctive feature of
modern trends in innovation development is anticipation as an additional tool for in-
depth understanding of the real needs of society and the economy at the future point
of development. This is a higher level of knowledgemanagement, which goes beyond
the usual scope of operating structured and unstructured data. This is a combination
of advanced automated and intelligent technologies in a single system that works
as a set of integrated processes with the transition to a qualitatively higher level of
development of society in its future.Already today, newprototypes of society’swayof
life are being generated, which show newmodels of economic and social institutions
that have a digital platform and focus on new values, which are characterized by
intangible character. Collectively, such changes are manifested in the development
of effectivemechanisms for the development of urban areas, based on the efficient use
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of natural resources, smart urban infrastructure, focus on quality man-made changes,
ensuring the basic needs of the population and promoting sustainable development.

2.2 Innovative Solutions of New Models of Future
Urbanization

Today, every state faces an important question–how to develop a new type of economy
that can not only develop the material component, but also be a source for stable
growth of the environment, because nature contains all the necessary wealth that is
the basis of prosperity of the nation. The trends of the world economic situation are
such that countries need to ensure the future, which provides for the implementation
of projects that not only provide financial flows, long-term capital protection, but
also create tens of thousands of jobs, economic chains, provide profits in the short
and medium term [8, 9].

The generator of the future for the economy in the new business ecosystem
project is the creation of developing ecological cities, which are artificially created
on the basis of the latest technologies and advanced decisions. The project can be
implemented gradually–from the neighborhood to the city, which provide both basic
human needs (food, energy, security, not to mention respect and self-realization
in work, study and leisure), and create unique, greenhouse conditions for business
development.

The projects of the cities of the future combine conceptual, technological and
town-planning projects, which is inherent in the research and practical nature of
implementation. It is a combination not only of new ideas and technologies, but of
a new culture of life, which corresponds to the concept of sustainable development,
which goes beyond the project and focuses on the transformation of a normal lifestyle
with the introduction of a new value system.

The idea of the concept of cities of the future lies not in the material plane–it
has a humanistic character, which reflects the challenges facing humanity to not only
ensure the quality of life of modern generations, and to take into account the interests
and needs of future generations. Such innovative projects are hypertrophied in nature
and describe global changes, which involves defining a new mission of urbanization
with a reorientation of development goals and objectives, which accordingly creates
a new urban reality.

The cities of the future are a new form of organization of life, which not only
provides services and human needs, but also creates conditions for the development
of the national economy, attracting investment, creating new jobs, protecting the
environment and promising development of society. In the innovative cities of the
future, economic development is ensured through the introduction of holistic models
(chains) of organization of innovation processes: from the idea and research to the
production and sale (introduction) of high-tech products and technologies. The living
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environment is based on high-tech advances in science to ensure the competitiveness
and profitability of business products, both in domestic and global markets.

The ecological component of innovative urbanization projects involves taking
into account the basic values of the ecological vector of sustainable development,
implemented through the restoration of natural areas and reorganization of inefficient
urban areas, the use of adaptive technologies for secondary use of resources, imple-
mentation of alternative energy projects, modeling of innovative urban structures.
Innovative city is a new strategy of sustainable development, in which the provision
of improving the living standards of the population and formingof a developed system
of ecological restoration, development of urban infrastructure, culture and leisure,
which is modeled as an innovative administrative unit with expanded functionality
(Fig. 4).

Innovative cities are characterized by accelerating the pace of life that is reflected
in the multistructured urban infrastructure and the offer of new services, which are
an element of new values of the population.

In these projects, a special place is occupied by artificial intelligence, which
forms an extensive network of knowledge that is used for efficient and promising
functioning of the city–promoting energy recovery through the use of innovative
projects based on city infrastructure. Personalization of the environment means that
cities will be adapted to the individual needs of the population and basic character-
istics, including special tools and mechanisms to ensure environmental restoration
and rational use of resources.

In general, this is an innovative model of integration of social, economic and
environmental vectors, which provides for the construction of a new system of rela-
tions with the transition to a qualitatively higher level of meeting the real needs of
today. Such cities of the future that formed as trends in innovative development have
a stimulating effect on the environment, contribute to the innovation culture of the
population, the socio-economic rise of peripheral areas with low development rates.
Such innovative project is an economic generator capable of providing dozens of
related industries, creating chains of technologies, products, services, thousands of
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jobs. This is an opportunity to provide better living conditions while reducing its
cost through the introduction of new technologies on the principle of reasonable
sufficiency and economic feasibility [10–20].

Modern development of urbanization is focused on dynamic transformations
of cities in accordance with the basic criteria of sustainable development - envi-
ronmental restoration, modernization of urban infrastructure, meeting the needs of
present and future generations, efficient use of resources. An effective urban policy
should be developed as a roadmap of decisions with mandatory items–environmental
urban planning, optimization of administrative functions, restructuring of industrial
facilities, the establishment of a comprehensive waste management system.

Ecological urban construction is to design the infrastructure of the city, taking into
account the establishment of branched «green» park areas, which are the «lungs»
of the city and a certain type of natural filters. Also, such a project provides for a
significant transformation of transport infrastructure with the priority of alternative
types of vehicles and the development of a transport systembased on alternative types
of energy. These are large-scale transformations that cover the entire infrastructure of
the city and are considered as an innovative map of the connection with the transition
to a higher level of environmental protection.

A special place in the road map of innovative urban planning belongs to the
optimization of administrative functions, namely the establishment of a number
of regulations that coordinate environmental issues, links with city life. In partic-
ular, these are control norms and environmental supervision, information on which
should be widely available and should be integrated with large databases. Addi-
tional control procedures allow orienting city objects on observance of requirements
and rules of ecological safety, and digital technologies allow operating data in real
time that considerably reduces risks of non-fulfillment of ecological norms. Also
environmental management consulting services should be provided that will allow
establishing an effective environmental policy and rational use of resources.

Modernization of cities and ensuring their sustainable development should begin
with assessing the effectiveness of the city structure with the restructuring of indus-
trial facilities to be relocated to special areas outside the city. That is, it is a question
of creation of special industrial parks which will be equipped according to needs
of the industry with an emphasis on preservation of environment and dissociation
with the city. Creation of separate zones of industrial development allows realizing
a qualitative configuration with introduction of the newest technologies concerning
rational use of resources and avoidance of pollution of environment. Accordingly,
industrial facilities continue to operate, but with effective social and environmental
indicators. Lands of industrial facilities can be used for effective urban redevelop-
ment with construction for the needs of innovative development of the city, which
gives additional financial investment in real estate, and therefore has a positive effect
on economic indicators of urban development.

Establishment of a comprehensive waste disposal system is based on effective
collaborative relations between industries from different industries based on the use
of innovative technologies. So, industrial facilities can be combined into a single
center, which will allow rational use of resources and carry out efficient waste
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disposal. For example, it can be a combined work of industrial and energy facili-
ties, as a result of which an effective technical solution will be implemented that will
satisfy the business and have an effective indicator in the ecological development of
the city. Each decision must be made collectively, which will significantly reduce
the potential risks and establish an effective project of business operation in terms
of three vectors of sustainable development.

3 Conclusions

Development of strategies for the development of the modern economy with a focus
on promising innovative trends of today is considered in article, which is aimed at the
development of the economic, social and environmental sectors. This is the definition
of a new direction of development with a reorientation of general conclusions and
the transformation of ideas and values that are basic for the economy. The future
of the economy is shown through the innovative developments of today, which are
characterized by the nature of anticipating the real needs of future generations. The
general conclusions from the results of scientific research are as follows:

1. Prospective changes in the strategy of sustainable development based on the
use of the basic provisions of the Lean concept are investigated, which is a funda-
mental rethinking and general redesign of information, technological, economic,
socio-cultural processes, which is a new formula for the business development. It is
substantiated that Lean-development of innovative economy is the result of activation
of rational and irrational human activity in the globalmultimedia environment, which
creates better conditions for the development of sustainable development vectors,
increasing the efficiency of economic, environmental and social processes by forming
a new economic model.

2. The innovative perspective of sustainable economic development on the basis
of intellectual innovations is defined, to which special attention is paid today, consid-
ering their high efficiency in comparison with other developments. This is the defi-
nition of a new tool for sustainable economic development, which is to propose
the transformation of approaches to the development of the environmental vector,
in particular, the use of ideocognitive methods that combine creative approaches
with a priori knowledge. Innovative transformations in the economy are substanti-
ated on the basis of organizational and methodological principles of I-engineering,
which corresponds to the essence of innovation as an objective and logical process of
ensuring sustainable economic development. This is the redesign of social, economic
and environmental vectors using intelligent solutions with appropriate technical and
technological provision and professional provision.

3.A schematic interpretation of the concept ofmultivariate economic development
is proposed, based on the scale of modern innovation, which is characterized by
formal and informal nature of methods, tools and technologies, the balance of which
fluctuates between normative and personalistic theories, reconciling traditional and
innovative views with new priorities as a basis for following different options for
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sustainable economic development. Drivers of innovative development of economy
are defined, which provide economic and social vectors in a new format of global
innovative changes. This is a combination of advanced automated and intelligent
technologies in a single system that works as a set of integrated processes with the
transition to a qualitatively higher level of development of society in its future.

4. Innovative solutions of new models of future urbanization are considered,
which consists not only in combining new ideas and technologies, but in forming a
new culture of life, which corresponds to the concept of sustainable development,
goes beyond the project and focuses on transforming the usual lifestyle with a new
value system. A new strategy for the development of urbanization is identified, in
which the provision of improving the living standards of the population and the
formation of a developed system of ecological restoration, development of urban
infrastructure, culture and leisure, which is modeled as an innovative administrative
unit with expanded functionality. It is substantiated that an effective urban policy
should be developed as a roadmap of decisions with mandatory items–environmental
urban planning, optimization of administrative functions, restructuring of industrial
facilities, the establishment of a comprehensive waste disposal system.
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Construction Management Based
on European Experience of Using
Smart-City Technology

Liudmyla Boldyrieva , Shahla Alizada , Viktor Gryshko ,
and Mariya Hunchenko

Abstract The definitions of the basic concepts “intellectual city”, “digital city”,
“city of knowledge” and “sustainable city”, etc. have been analyzed. It has been
proved that city government is crucial for solving global problems. It has been
stated that the most progressive integrated “network” approach to the implemen-
tation of Smart-City technologies known from European practice is used by the
United Kingdom is. It has been found out that nowadays Smart London is a kind
of platform that accumulates innovations and their creators. It has been established
that Smart-City is an innovation and e-service that helps residents solve issues in
a variety of areas on a daily basis, from parking and charging to medical care or
services payment, and the implemented Transport For London strategy has become
one of the best role models. The smartest European cities rating has been studied
taking into account the following criteria: human capital (development, attraction and
education of talents), social cohesion (consensus between different social groups),
economy, environment, governance,management, urban planning, international rela-
tions, technologies, mobility and transport (lightness). Positive and negative results
obtained after the smartest European cities evaluation have been described. Exam-
ples of transition to the smart cities formation effective strategy in Ukraine have been
given.

Keywords Construction · Development · Startups · Smart-City · Concept ·
Technologies ·Management

1 Introduction

It is well known that the vast majority of Europeans live in cities where there is a
wide range of urgent challenges regarding health, comfort and high quality of life.
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Therefore, with each following year cities should become safer, greener, and more
culturally beautiful with clean air and environmentally friendly transportation.

Numerous challenges to the construction and development of modern cities as
complex systems require new approaches. Thus, a management model that can flex-
ibly adapt to dynamic changes in the environment and at the same time combine the
solutions of different industries is needed. One of such up to date modern models is
the Smart-City concept. The Smart-City concept is a strategic landmark of European
cities. However, it should be noted that the possibilities of implementing such an
option are mostly made for the medium or even long-term perspective.

2 An Overview of the Latest Sources of Research
and Publications

Boykova M., Ilina I. and Salazkin M. claim that the Smart-City concept is much in
demand. In the publication, “The Smart City Approach as a Response to Emerging
Challenges for Urban Development”, the researchers concluded that “smart city”
strategies in many cases continue to be based on a narrow, “technological” approach.
Such approach involves the availability of intellectual infrastructure and can solve
many urban problems, as well as improve the quality of urban life. However, unlike
the extended, integrated approach, it does not take into account many social and
economic factors and real needs of the residents. Implementation of an integrated
approach involves a number of conditions capable of: firstly, management decisions
integrating at different levels; secondly, predicting how changes in one system affect
other systems; thirdly, focusing on interdisciplinary cooperation [1, p. 65].

Albert Meijer and Manuel Pedro Rodríguez Bolívar prove a comprehensive
perspective: smart city management as a new form of human cooperation through
ICT for getting the best results and more open management processes [2, p. 392].
Researchers also highlight the fact that the publications analyzed by them have a
different focus on: 1) smart technologies, smart people or smart cooperation as the
defining features of smart cities; 2) transformational or gradual view of changes in
the city management; 3) the best results or a more open process, as a requirement of
smart city management legitimacy [2, p. 392].

Tcholtchev Nikolay and Schieferdecker Ina prove that the level of cities and
communities development around the world is possible due to an intelligent city
based on information and communication technologies (ICT). It is ICT that ease
management and processing of vast amounts of data and information for reason-
able management of urban infrastructure and processes, residents involvement and
promotion of new services and applications in various aspects of urban life (supply
chains, mobility, transportation, energy, residents participation, public safety, inter-
action between residents and public administration, water resources management,
parking and many other cases and areas) [3, p. 156].
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The scientists team claim that social and economic situation in the cities during
the COVID-19 pandemic caused an increase in inequality and a record number of
unemployed. All these events led to the necessity of a radical revision of the city [4].
They offer to support a “15-min city” concept suggested by Carlos Moreno in 2016,
which has a new “chrono-urbanism” perspective, namely the concept of constructing
safer, more sustainable and inclusive cities [4].

In their book, Dameri Renata Paola and Rosenthal-Sabroux Camille summarized
several materials from various scientific studies across the whole Europe and offered
a broad vision of the smart city phenomenon and comparative research as well as
reasoning on how to define a smart city, how to develop a smart strategy and how to
measure whether reasonable actions really can create social value for residents and
improve the quality of life [5].

The aimof the research is to study the European experience regarding construction
management based on the use of Smart-City technology and analysis of the strategy
of forming smart cities in Ukraine.

3 Main Results of the Study

The very concept of Smart-City encompasses several definitions, namely: intelligent
city, digital city, city of knowledge, sustainable city, and so on.

Annalisa Cocchia’s researches prove that Smart City and Digital City are the most
frequently used terminology in the literary sources to denote the reasonableness of
the city [6].

City government is crucial to solving global problems. Thus, for example, the
current administrative focus on cities as centers of governance should be based
on technology and innovation. E-government and innovations are crucial in urban
management.

According to European practice, the most advanced integrated “network”
approach to the implementation of Smart-City technologies was used by the United
Kingdom. Smart-City is innovations and e-services that help residents solve tasks
every day in different areas: from parking and phone charging to receiving medical
care or paying for services.

London has created a public program Smart London Innovation Network to
promote new technological startups and social initiatives in the field of Smart-City.
In this case, the government has become as open as possible to communicate with
residents. Thus, Londoners began to take an active part in all pilot projects, in partic-
ular, their thoughts and views started to be taken into account during establishing a
city development plan.

At the time, Smart London is a kind of platform that accumulates innovations and
their creators. Global companies are teaming upwith research institutes and scientists
in order to freely develop the best technological approaches, startups. Thus, Siemens
has invested 30 million pounds in the development of projects on Smart technologies
systematization. At its own discretion, Intel funds the charter of Connected Cities
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and Imperial College, which are developing new solutions concerning Smart-City in
the security sector.

To improve transport infrastructure in London, a digital map of key actions was
firstly created, followed by the gradual implementation of the Transport For London
strategy, which is now one of the best examples to follow. The project raised invest-
ments equivalent to tens of millions of pounds and allowed: firstly, to “unload” roads;
secondly, to improve traffic; thirdly, to enhance the safety and comfort of parking.

Besides this, the operational transit system Heathrow pod was launched at the
London airport, and takes into account the wishes of both employees and passen-
gers. As a result of the implementation of such a unique solution, Heathrow pod
transit completely eliminated the need for regular travels on buses in the airport
area, which previously made more than 70 thousand trips a year [7]. As is known,
London is always open to experimental practices and leading scientific thoughts.
Representatives of leading research institutes and young scientists in technical fields
of universities join all existing Smart-City projects. Thus, the most striking example
was the largest project developed in partnership with graduates of Imperial College
London on Innovate18 railway infrastructure (an underground railway network with
a unique high-speed train Crossrail will be able to transport freight and passenger on
the basis of 7 innovative approaches) [7].

Thus, the experience of Great Britain is worth of borrowing and following.
As of 2019, 50 cities inGermany are already testing various options for integrating

information technology into urban infrastructure, the most active are Nordrhein-
Westfalen and Baden-Württemberg. The main areas of Smart-technologies imple-
mentation in Germany are city administration, work of public services improvement,
mobility, energy saving, ecology and health care. Thus, for example, in Hamburg it
is planned to automate almost all processes in municipal departments by 2022, in
particular, residents will be able to solve almost all issues via the Internet.

Ingolstadt, Bavaria, is developing amobility concept for a flying taxi that could be
used, in particular, by rescue services. Kaiser Slauter and Karlsruhe are working on
the concept of autonomous or semi-autonomous transport. Duisburg with Microsoft
creates Smart Home for the elderly.

The Netherlands pays considerable attention to the blockchain. The Ministry of
Economy has launched a blockchain coalition, namely: the government, corporate
organizations and startups are cooperating in the development of blockchain tech-
nologies in five specific areas, which will be implemented nationwide: 1) identity
identification; 2) pensions; 3) logistics; 4) issuance of diplomas and educational
certificates; 5) subsidies.

The Center for Globalization and Strategy of the IESE Business School (Spain)
compiled a ranking of the world’s smartest cities in 2019, and the analysis itself was
carried out taking into account the following criteria (see Fig. 1).

A truly smart city is one that aims to improve the quality of life of its residents
while ensuring economic, social and environmental sustainability. A total of 174
cities from 80 countries were included into the IESE Cities in Motion Index 2019.

According to the evaluation results, London topped the list of the smartest cities
in the world due to excellent results in almost all categories for smart cities from the
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Fig. 1 Evaluation criteria regarding the smartest cities ranking identifying

criteria list, including human capital (due to the large number of business schools
and universities) and conditions for international cooperation. The cities of London
and Paris are also the most important financial centers in Europe.

The results revealed after the smartest cities evaluation in Europe are given in
Table 1. The city of Zurich is the largest financial and scientific center of Switzer-
land. Apart from a large number of international banks, it is characterized by smart
houses and garbage recycling system as well as the organization of public transport.

The city of Copenhagen is actively developing in the field of IT-technologies,
ecology, medicine, economy, business and transport infrastructure. Launch of the
City Data Exchange—an online platform with public and private information open
to residents. The city’s data base inCopenhagen, besides themain taskwhich is access
to the information, has a side goal—to make the capital even more environmentally
friendly. Special applications encourage to think about the consequences of harmful
substances emissions.

Thus, such cities as London, Amsterdam, Paris, Reykjavik, Barcelona, Copen-
hagen, Helsinki, Vienna and Grenoble are considered to be exemplary regarding the
implementation of the Smart City concept in Europe.

It is worth noting that the first steps in the transition to an effective strategy for the
formation of smart cities have already been made in Ukraine. Cities such as Kyiv,
Lviv, Kharkiv, Vinnytsia, Chernivtsi, Dnipro are active initiators of the introduction
of effective Smart-technologies.

Smart-technologies processes were launched in Kyiv, namely: Smart-streets, E-
tickets, Kyiv Smart City mobile application, Safe City project, etc. Yes, on the street.
Salyutny, 2 has 12 CCTV cameras, garbage sorting tanks, equipped bike path and
free city Wi-Fi, two charging stations for electric cars, benches with USB-chargers
powered by solar panels, an emergency call button, and There is also a stationary
air quality monitoring system (the first in Ukraine was created within the framework
of the Managing Air Quality project) [8]. The mode of operation of such a system
is that the sensor measures the concentration of fine dust (PM2.5 and PM10), the
level of nitric oxide (NO), sulfur oxide (SO2), ozone (O3), benzene (C6H6), nitrogen
dioxide (NO2), carbon monoxide (CO), as well as temperature and humidity. In all
districts of the capital daily air quality control is carried out by a mobile laboratory
[8]. Thus, smart-street is the embodiment of the international practice of creating a
Living Lab for startups [9–15].
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Table 1 Positive and negative results of the evaluation were detected

City Country Results

London Great Britain The largest number of startups and programmers than in any
other city in the world. There is an open data platform (London
Datastore), which is used by more than 50,000 people every
month. The weakest aspect in the British capital is currently
social cohesion

Amsterdam Netherlands Active residents participation in the public life of the city and
the possibility of wide online access to governmental services.
A large number of tourists annually. It is famous for good
business opportunities. An open data web site called
Amsterdam Smart City was created for the city’s residents.
Furthermore, the platform supports an application designed to
help visual impaired people and other perceptional peculiarities

Paris France The strengths are the economy, human capital, international
relations, technologies and mobility. Actively uses open
innovations, the Internet of Things (to optimize transport and
pedestrians flow) and an automated subway system. In order to
improve the air quality in the city, the authorities are promoting
the use of bicycles and electric cars

Reykjavik Iceland Wins due to environmental criteria (more than 99% of
electricity in the city is produced by geothermal sources).
Complete rejection from combustible minerals. The program
according to which it is planned to become a city with zero
carbon emissions by 2040 has been approved

Geneva Switzerland Efficient waste recycling. Active construction of smart houses.
By 2020, the government plans to reduce carbon dioxide
emissions by a quarter of the current volume

Zurich Switzerland A large number of smart houses, an efficient garbage recycling
system, public transport organization. By 2024, it is planned to
lay an underground network for cargo transportation through
Zurich, which will run on renewable energy sources

Stockholm Sweden The main city of Sweden received the highest rating for online
access to governmental services. There are also no industrial
enterprises in the city, which has a positive impact on the
environment

Copenhagen Denmark The city is actively developing in the IT-technologies area,
ecology, medicine, economy, business, transport infrastructure.
Launching of the City Data Exchange, an online platform with
public and private information open to residents. Special
applications encourage to think about the consequences of
harmful substances emissions

In the city of Lviv, at the municipal level, an automated transport management
system with the uMuni cloud energy monitoring service is used, which analyzes
traffic flow, controls traffic lights and monitors the work of dispatchers and carriers,
as well as a mobile application for tourists Lviv Travel Places.
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Kharkiv has its own geographic information system for managing the city
economy, which operates in conjunction with an online service for processing
citizens’ requests.

The first service center that processes administrative and economic appeals of
citizens was established in the city of Vinnytsia. Also available online service control
of utilities with their evaluation, selection of contractors, calculations through the
site and the application WinDim24. And a separate 24-h online center works with
applications for housing and communal services, education, medicine and transport
issues.

In the city of Chernivtsi, a call center has been created by analogy with the one
in Kyiv, which accepts applications from citizens around the clock in order to speed
up the solution of city problems. And here they use geo-applications for tourists,
available by QR-codes.

The city of Dnipro is a leader in the implementation of electronic and admin-
istrative services. There are services that allow to control the budgets and state of
administrative institutions, and even road inventory service, social mobile appli-
cations (“E-contact”, “My police”), which bring residents closer to the “body” of
services and officials in case of any problems.

4 Conclusions

Thus, the strategy of Smart-specialization, which provides for the identification of
strong suits and the development of competitive advantages of the regions on the
basis of the existing structure of regional economy and innovations, has become up
to date in Ukraine over time. Studying the experience of EU countries and its imple-
mentation intoUkraine regions: firstly, will provide additional financial opportunities
for regions support; secondly, will create new jobs; thirdly, will improve the living
conditions of households. Therefore, the development and implementation of own
smart specialization strategies by the regions of Ukraine still remain problematic
issues. In the XXI century, informational education, informational and communica-
tive (Internet, multimedia, hyperreality) as well as professional and communica-
tive technologies are developing. With the help of Smart informational systems and
intelligent complexes, social and economic systems can be managed.
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Management in the Construction Sector
Using Smart Technologies: European
Experience

Liudmila Boldyrieva , Alina Chaikina , and Khanlar Ganiyev

Abstract The practical experience of European countries on use and dissemina-
tion of Smart technologies in construction were studied, which shows that to change
difficult situation in the construction sector of the economy it is necessary to: firstly,
actively use Smart technologies in construction; secondly, gradually reduce energy
consumption in the construction and housing sectors through mass construction of
energy-efficient buildings and structures; thirdly, to reconstruct the already built
ones. It was established that the introduction of Smart Home system is becoming
more and more relevant, which allows to make everyday life more convenient: saves
energy (automatic switching off of the light); saves money (automatic switching off
of heating as soon as windows open); provides the best protection for the house
(automatically gives an audible alarm when the intruder enters, and warns residents
by sending push messages to their smartphones). Certain advantages from the use of
Smart technologies in constructionwere described. The characteristic of the software
for architectural and construction design and preparation of construction documen-
tation was given in the article. Systems for monitoring of architectural and construc-
tion projects and planning of construction works, design of building constructions of
building’s engineering systems, automated design of general purpose were analyzed
by authors. Architectural and construction applications for AutoCAD and applica-
tions for design and calculation of plumbing systems were described. The character-
istics of programs for calculation of building structures, design and calculations of
pipelines, heat exchangers, geotechnical calculations, design of infrastructure objects
were given in the article.
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1 Introduction

EUcountries actively useSmart technologies because they increase efficiency, reduce
costs, generate new sources of income, improve the daily lives of population, and
most importantly, accelerate construction and development of the construction sector.
In time, the most progressive cities in Europe are following the Smart path of
development.

Effective Smart technologies change the preparation andmaintenance of construc-
tion projects, as well as the subsequent operation of infrastructure.

Development is gaining momentum thanks to artificial intelligence (AI), IoT
gadgets for the home and 5G (fifth generation of telecommunications standards).
In turn, 5G provides high data rates in unmanned vehicles, virtual reality and inno-
vative urban infrastructures. 5G also allows the implementation of services such as
“Smart” parking, smart meters, CCTV cameras, traffic management, waste control
and coordination of emergency services. The next stage in the development of the
construction of “Smart” homes will be more accessible through the development of
this technology all over the world.

According to McKinsey & Company, the construction sector is one of the least
digitized sectors of the economy. In the world in the construction sector, the cost of
Smart technologies does not exceed 1%.

2 An Overview of the Latest Sources of Research
and Publications

Jinying Xu and Weisheng Lu from the University of Hong Kong [1, p. 157] are
convinced that the current management of the life cycle of construction projects
suffered from the dilemma of “lack of information” and “explosion of information”.
They developed and proposed the use of a closed life cycle management system that
provides a constant flowof information for all stakeholders.Matej Štefanič andVlado
Stankovski make a review of technologies and applications for Smart construction.
In his publication [2, p. 83] they concluded that new opportunities in construction are
possible through the Internet of Things (IoT), artificial intelligence (AI) and cloud
computing technologies (CT), which monitor construction, site management, occu-
pational safety, early warning about natural disasters, resource and asset manage-
ment. After all, IoT, AI and CT offer new opportunities for the development of new
intelligent applications in the construction sector. The authors are convinced that
they stimulate a new wave of affordable, reliable, secure and efficient Smart appli-
cations that provide various benefits, including efficient logistics and safe working
conditions. Although Matej Štefanič and Vlado Stankovski [2, pp. 83–84] focus on
construction, their findings may also relate to the wider context, namely Industrie
4.0, cities, communities, civil engineering, and smart homes, transport, etc.
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Authors: Yuhan Niu, Weisheng Lu, Ke Chen, George G. Huang [3] investi-
gated intelligent construction objects (ICO), the main building blocks of future
construction, which are in the stage of rapid development. ICO includes construc-
tion resources: machines, devices and materials that are “Smart” with the help
of appropriate technologies that ensure effective decision-making in construction,
autonomy.

The conclusions and proposals of Phil Purnell and Ming K. Lim are interesting
[4, p. 223], as they tried to answer the question of the use of Smart technologies in
enabling construction components reuse.

The team of authors: Guerriero Annie, Kubicki Sylvain, Berroir Fabrice and Le-
maire Clément [5] at the scientific conference Funchal, Portugal offered their own
research on BIM-enhanced collaborative Smart technologies for LEAN construction
processes.

Boton C., Kubicki S. and. Halin G. [6] carried out research in the direction of
4D/BIM Simulation for Preconstruction and Construction Scheduling.

There is reason to believe that Smart technologies have improved life in Ukraine’s
cities, and helped authorities to work more efficiently. It should be noted that the first
steps in the transition to an effective strategy for smart cities formation have already
been made in Ukraine. Cities such as Kyiv, Lviv, Kharkiv, Vinnytsia, Chernivtsi,
Dnipro are active initiators of the introduction of effective Smart technologies and
digital services.

The purpose of the research is to study the European experience in managing
efficient Smart technologies in the construction sector and to develop practical
recommendations for its improvement in Ukraine.

The theoretical and methodological basis of scientific research is a dialec-
tical method of scientific knowledge, a systematic approach, provisions of modern
economic theory, scientific works of economists who deal with problems related to
the management of effective Smart technologies in the construction sector.

Scientific research is based on the use of general scientific methods, namely: theo-
retical generalization, system analysis and synthesis, abstraction and formalization.

3 Main Results of the Research

Hypothetically, it can be argued that the construction and operation of buildings is
one of the most energy-intensive sectors of any country economy. Thus, in some EU
countries, buildings and structures consume about 30% of all energy in the country.

The practical experience of the EU countries shows that to change the difficult
situation in the construction sector of the economy it is necessary: firstly, actively use
Smart technologies in construction; secondly, gradually reduce energy consumption
in the construction and housing sectors throughmass construction of energy-efficient
buildings and structures; thirdly, thirdly, to reconstruct the already built ones.

Ideally, an energy-efficient house is a virtually closed system: water is supplied
by groundwater and rainwater, electricity and hot water are provided by solar panels,
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gas is generated from sewage waste; exhaust ventilation supplies fresh air of the
required temperature (heat recovery unit, and excess air heat is used to heat water).

Germany actively supports innovative heating technology, i.e. a special coating
is applied to the facades of buildings, which accumulates solar energy during the
day and gives it to the house at night. Systems with efficient heat exchangers, which
provide warm water even in the cold season, have also become widespread.

Western European countries such as Sweden, Denmark and Norway also use
technological techniques for homes to minimize or eliminate the use of external
electricity.

In real time for visual monitoring and organization of work, environmental moni-
toring, feedback and signaling, cloud backup and demonstration of data analysis,
you can use Smart technology “from head to toe” [1].

To collect data at different stages, a closed-loop life cycle management system
is used for intelligent design based on the Internet of digital technologies, including
such as: 3D laser scanner, drone, building information modeling (BIM), augmented
reality (AR), Auto-ID, Global Positioning System (GPS), wireless sensor network
(WSN), robotics, web applications and mobile digital devices.

This structure integrates the latest technologies in intelligent construction,
building automation and the Internet of Things (IoT). Data is stored, shared,
processed and used on a single unified platform for all stakeholders to support better
decision-making and interaction throughout the project life cycle. Practitioners can
use the information through a standardized interface between different programs
throughout the life cycle [1].

Properly connected Internet of Things with the construction of information
modeling can provide a safer, greener and more efficient building system [3].

Different degrees of operational autonomy are provided by intelligent applica-
tions, which include the use of IoT devices, such as smartphones, cameras, actuators,
sensors, cars and robots. The construction of context-specific intelligent environ-
ments is supported by the advent of modular open source IoT platforms and interop-
erability standards, such as Open Fog Consortium [7] and Cloud Native Computing
Foundation [8–13]. Using methods and tools that implement such standards, you can
quickly integrate physical devices and software.

British businessman and founder of Virgin Startup Richard Branson, write in
Linkedin that the construction industry is now lagging behind in the innovation race,
that is why he began working with British construction company Colmore Tang,
creating a powerful initiative for Constructech.

Quickly draws attention to the construction sectorLEANManagement. In parallel,
building information modeling (BIM) is a key approach to making project processes
smoother, more transparent, and more integrated. There is a two-stage technolog-
ical proposal for LEAN methods aimed at creating a BIM information system for
complete management of construction processes. In the short term, on construction
sites, a smart construction planner is the answer to the implantation of LEAN digital
methods. A reflection of 4D/BIM methods and principles of LEAN determines the
path to future LEAN/BIM IT-development [5, 11].
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Smart Home systems as well becoming more and more relevant, which allows to
make everyday life more comfortable and helps owner to:

– save energy (automatic switching off of light);
– save money (automatic switching off of heating as soon as windows open);
– provide the best protection of the house (automatically gives an audible alarm

when the intruder enters, and warns residents by sending push messages to their
smartphones).

In general, the French trust Smart Home more than, for example, the British,
Americans or Austrians.

Smart-City projects are implemented in more than 20 cities in the UK, including
large cities and small towns. All this took place within the framework of a single
plan for digitization and automation of Great Britain, but with remarkable individual
decisions for each settlement.

The “smart architecture” system is aimed, on the one hand, at improving architec-
tural appearance of the city, and on the other, at improving physical and emotional
state of citizens. Such system was created on the basis of BIM developments, tech-
nologies, management of the construction process and information supply to both
customer and contractors.

Smart architectures are a universal reality and open new opportunities for the
progressive development of the construction sector. It helps to create multifunctional
architectural objects that unite in one complex: a residential building, shopping and
entertainment halls, a fitness center, parking in a modern urban style. Such solutions
will save time and effort for residents of such a complex and nearby houses.

Modern engineering solutions are used on facades, in comfort systems, as well as
in automated fire safety and evacuation systems.

Also, for comfort of residents and visitors of such complexes, the “green” roof
technology based on technology of the Swiss company ZinCo is widely used.

However, we should focus on certain advantages of using Smart technologies in
construction, which are listed in Table 1.

Implementation of management strategy in the construction sector using Smart-
technologies is interpreted (see Fig. 1).

The main sector of IT technology in the field of construction is software for the
design and construction of the building, and thus—tracking the state of construc-
tion at specific stages, the so-called design systems, which aim to ensure multi-
variate projects through change and variation initial data, increase the quality of
design, reduce number of required consumables, engineers engaged in design and
construction, and funds, reduce design time.

The main sector of IT technology in the field of construction is software for the
design and construction of the building, and thus—tracking the state of construc-
tion at specific stages, the so-called design systems, which aim to ensure multi-
variate projects through change and variation initial data, increase the quality of
design, reduce number of required consumables, engineers engaged in design and
construction, and funds, reduce design time.
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Table 1 Benefits of using Smart technologies in construction

Use of smart technologies Advantages

Reduce energy consumption Passive solar heating

Correct use of quality materials

Monolithic construction Provides a comfortable indoor climate (cool in the
warm season, and warm in the cold)

Hinged ventilated facades Increase heat and sound insulation

Exterior of the building at the same time becomes
beautiful and interesting

“Cold roof” Reflect sunlight

Reduce the temperature on the roof itself and
directly in the house

The ability to reduce energy consumption by 15%

No air conditioner needed

Care for the environment

“Green roof” Plantations create shade in summer and keep warm
in winter

Modern window systems (Smart windows) Provides UV protection

Regulate, depending on the time of day, amount of
light that enters the room

Change the level of transparency and adapt to
external conditions

aimed at increasing:
1) comfort 2) quality of 

life
3) formation of 

“smart” human capital
4) rational use of resources

Implementation of management strategy in the construction sector

application of Smart-technologies

Fig. 1 Implementation of management strategy in the construction sector with the use of Smart-
technologies

Software, systems, applications and programs are used for architectural design,
engineering and construction calculations as shown in Table 2.

Permanent and immeasurable progress of the designed objects, modern technolo-
gies and equipment requires appearance of new and improved programs.
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Table 2 Software, systems, applications and programs for architectural design, engineering and
construction calculations

Software

Software for architectural and construction
design and preparation of construction
documentation

Autodesk Building Design Suite; Autodesk
Revit Architecture; Autodesk Factory Design
Suite; Autodesk Factory Design Suite;
AutoCAD Architecture

Systems for:

Monitoring of architectural and construction
projects and planning of construction works

Autodesk Navisworks

Design of building structures Autodesk Revit Structure; Tekla Structures

Design of engineering systems of buildings AutoCAD MEP, Revit MEP

Automated general purpose design AutoCAD; AutoCAD LT, Autodesk 3ds
MaxDesign; Std Manager CS

Applications:

Architectural and construction applications
for AutoCAD

PARCS (Parallel Asynchronous Recursively
Controlled Systems), SDDC (Systems of design
documentation for construction) GraphiCS

Design and calculations of plumbing systems Plumbing designer’s automated workspace,
WENTSIS

Programs for:

Calculation of building structures SCAD Office, SCAD (Structure CAD), Comet,
Kristall, Arbat, Kamin, Monolith, Section
Constructor, CoKon

Design and calculations of pipelines, heat
exchangers

AutoCAD Plant 3D, Autodesk Plant Design
Suite, Plant 4D, START, HYDROSYSTEM,
Resource, Ecolog-Shum

Geotechnical calculations Plaxis, Plaxis Dynamics Module, Plax Flow,
Plaxis 3D Tunnel, Plaxis 3D Foundation

Design of infrastructure facilities Autodesk Civil 3D, Geoni CS

Computer-controlled software for modern construction equipment also requires
appropriate software. For example, models for 3D printing, including in the field of
construction, are usually distributed in STL files.

To convert a STL file to G-code (a language understood by a 3D printer), you need
a “slice program” (the name is due to the fact that this program “slice” 3Dmodel on a
set of flat two-dimensional layers from which 3D printer will make physical object.
Among the well-known “slicer programs” are the following: TinkerCAD, 3DTin,
Sculptris, ViewSTL, Netfabb Basic, Repetier, FreeCAD, SketchUp, Simplify3D,
Blender. OctoPrint and others.

Typically, required software comes bundled with a 3D printer. For example, Ulti-
maker and Reprap printers are equippedwith Cura software, andMakerBot—Maker-
Ware and ReplicatorG. In fact, when you buy a 3D printer, you also get licensed
software “in the package”. In this case, you pay in complex for equipment itself and
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for the use of the relevant programs, which are the objects of intellectual property
rights of specific individuals (companies), i.e. for obtaining a license.

4 Conclusion

Thus, the construction sector of Ukraine should increase the level of use Smart tech-
nologies. After all, they occupy a decisive place in the process ofmodern construction
of EU countries.

In time, from the very beginning of design work to the implementation of Smart
technology development, computer-aided design systems are widely used, which
provide a variety of projects and possible verification of their condition in the future,
construction and computer equipment requires appropriate information and technical
support, construction of buildings within the concept of “Smart Home”, as well as
also need software control.

European experience proves possibility and importance of the application and
dissemination of Smart technologies in construction. After all, they ensure regional
development, set strategic priorities and implement intellectual policies to maximize
the potential of knowledge-based development.
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Implementation of Energy Efficient
Technologies and Systems in Housing
Construction

Olha Dzhyhora and Akif Gasimov

Abstract The article is devoted to the features of energy efficiency and energy
saving, topical issues of the development of energy efficient construction in Ukraine.
Particular attention is paid to the types of structural systems, building materials,
products and equipment that meet the requirements of energy saving, environmental
safety, manufacturability, efficiency, low labor intensity of construction, adaptability
to the conditions of reconstruction and modernization of residential and industrial
buildings. Specific heat losses in buildings and structures of Ukraine are analyzed.
The structure of heat energy losses through separate enclosing structures depending
on the number of storeys of the building is considered. The conditions on which the
strategy of energy saving in the sphere of construction and operation of buildings and
structures should be based are proposed. Energy-saving urban planning, architectural
and planning solutions, constructive, engineering systems are proposed. The types
of energy efficient building materials are considered. The physicomechanical and
thermophysical properties of window frames are estimated. The efficiency of energy
saving in the residential sector is calculated due to various technologies and systems.

Keywords Energy efficiency · Construction · Energy efficient technologies ·
Materials · Building structures · Heat loss · Energy supply of buildings · Housing
sector

1 Introduction

In recent years, a particularly difficult situation has developed in the energy sector
of Ukraine, therefore, the problem of energy saving in buildings is one of the most
important. The accumulated experience in the design and construction of energy-
efficient buildings indicates that energy efficiency is not a static characteristic laid
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down at the design stage, but a dynamic one that forms throughout the entire life
cycle of a building.

It is worth noting that the concept of “energy efficient house” has existed in the
theory and practice of construction for over 50 years, and throughout this time interest
in these houses has not disappeared, and the problem of ensuring energy efficiency
is even more modern and relevant.

2 Analyzing the Latest Research and Publications

Various solutions in the field of energy saving and energy efficiency are offered
by such prominent scientists as E.I. Bakunin, S.N. Bulgakov, L.A. Golovanova, O.
G. Khomenko, I.I. Podgorny, G.G. Farenyuk, A.S. Gorshkov, M.K. Ageev, O.D.
Samarin, I.V. Petrova, I.N. Butovsky, G.S. Ratushnyak, M.V. Barabash, V. Tretton,
N.V. Savitsky, L.D. Boguslavsky.

3 Formulation of the Purpose of the Article

The purpose of this work is to study the implementation of innovative energy efficient
technologies and systems in modern construction.

4 Main Material

The operational energy consumption of existing residential and public buildings in
Ukraine significantly exceeds similar indicators in technically developed countries
with similar natural and climatic characteristics.Currently, energy-efficient structures
of buildings and structures are also successfully used in Canada, the United States,
most European countries, as well as in countries with a tropical climate.

It should be noted that the theoretical developments, energy-saving programs,
equipment samples and experimental facilities, which have been carried out in recent
years, have created realistic prerequisites for reducing the energy consumption of
buildings and structures. Due to the fact that the annual increase in residential and
industrial space due to new construction is about 1% of the existing space, the main
energy saving potential is contained in the operational sphere and can be realized
through the reconstruction and rehabilitation of existing fixed assets.

The specific heat losses in buildings and structures are analyzed (Fig. 1).
So, as can be seen from the Fig. 1, up to 40% of heat loss in buildings and

structures occurs due to organized and unorganized infiltration of heated air, up to
30% is obtained due to insufficient resistance to heat transfer of enclosing structures,
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Fig. 1 The reasons for heat loss in buildings and structures of Ukraine

up to 30%—due to irrational consumption of hot water and unregulated operation
heating systems.

The main reasons for the irrational consumption of heat energy are the following:

– imperfection of unregulated natural ventilation systems;
– poor quality and looseness of mating of wooden window frames and balcony

doors;
– disadvantages of architectural, planning and engineering solutions for heated

staircases and staircase-elevator blocks;
– insufficient thermal insulation quality of external walls, coatings, basement

ceilings and translucent fences;
– lack of metering, control and regulation devices on heating and hot water supply

systems;
– a highly developed network of heating external to insufficient or impaired heat

insulation;
– outdated, unproductive types of boiler equipment;
– lack of an effective mechanism of material interest of energy consumers in its

saving;
– extremely insufficient use of non-traditional and secondary energy sources.

The main consequence of the increased requirements for thermal protection of
building envelopes was the transition to multilayer structural solutions. They allow
you to achieve high resistance to heat transfer without increasing the thickness of
the enclosing structures due to the action of effective insulation. In accordance with
modern building codes, the required resistance to heat transfer, for example, of walls
has increased 3–3.5 times compared to the old standards [1].

The structure of heat energy losses through separate enclosing structures also
differs for the same type of buildings, depending on the number of storeys, material
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Fig. 2 The structure of heat energy losses through separate enclosing structures depending on the
number of storeys of the building

of enclosing structures, year of construction, service life, quality of construction
work. For example, for houses, depending on the number of storeys, it is as follows
(Fig. 2):

So, walls account for 30–35% of heat loss in one- and two-story buildings, up
to 42% in five-story buildings, up to 49% in nine-story buildings; heat loss through
windows is 25, 32 and 35%, respectively; through basement and attic floors, an
average of 10 to 18% of heat is lost. As a result, various thermal insulation materials
and structures, energy-efficient facade systems, technologies for the construction of
monolithic houses with permanent formwork, energy-efficient translucent structures
are used in construction today.

An energy saving strategy in the construction and operation of buildings and
structures should be based on:

– a systematic approach and economically sound performance of a complex
sequence of interrelated and interdependent energy saving measures of urban,
architectural planning, design, engineering and operational matters;

– the program-targetedmethod for the development and implementation of a system
of energy-saving measures, focused on the maximum saving of non-renewable
fuel resources with a minimum cost of funds and time to achieve this goal;

– the priority orientation of scientific, design and practical activities on energy
saving to the most energy-intensive sphere of operating fixed assets through the
modernization and reconstruction of operating buildings, structures, engineering
systems, communications and energy facilities;
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– the transition to energy-efficient design standards and construction of new
buildings and structures [2].

EnergySavingUrbanPlanningSolutions. It is necessary to establish amoratorium
on expanding the boundaries of cities for 20–30 years, their development during this
period should be carried out through more rational use of territories, compaction of
buildings to the standard level without the development of new suburban areas and
without increasing the length of main heating pipelines, other energy networks and
transport routes.

It is necessary to develop feasibility of complex use of traditional and non-
centralized heating systems, including local using boiler container type, placed on
the roof or near the heated buildings. It is also possible to provide a complete program
for the completion of the development of residential quarters andmicro-districts with
the elimination of wind-through spaces and the organization of closed courtyard and
intra-quarter territories.

An effective solution to increasing the level of energy saving in residential build-
ings can be the development of master plans, programs and business plans for the
secondary development of reconstructed low-rise residential areas with insulation
of the enclosing structures of existing buildings in accordance with new heat engi-
neering standards, the transition to automated individual heating points, reconstruc-
tion of heating networks, use roof-top boilers for heating and hot water supply to
increase housing space and the implementation of a set of measures for energy saving
with the organization on the basis of these quarters of energy efficient zones of the
municipal economy [3].

Also no less appropriate is to develop of a program for the use of underground
space (underground urbanization) for the placement of parking lots, storage and
auxiliary premises using the natural heat of the earth or artificial sources of air
heating to a positive temperature.

Energy-Saving Architectural and Planning Solutions. A significant influence on
the specific heat loss in residential and public buildings is exerted by their space-
planning solutions and, in particular, the ratio of the area of enclosing structures to
the total area of buildings, the ratio of the area of window openings to the area of
external walls, the configuration of buildings in plan, their placement on the relief
and relatively countries of the world [4–13].

Recommended solutions:

– The transition to the design and construction of residential buildings shirokokor-
pusnyh with a reduction of 20–30% of the specific area enclosing structures per
square meter of of housing area.

– Theuseofwide-framehouses in the secondarydevelopment of reconstructedquar-
ters, including the construction of secondary buildings in the place of existing two-
five-storey buildingswithout demolition, butwith the simultaneous reconstruction
and extension of the life cycle to the level of new buildings.
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– Construction of attic floors in buildings with existing walling increased thermal
protection according to the second step standards “Thermal Engineering”, thereby
avoiding excessive losses of heat through the coating renovated buildings.

Energy Efficient BuildingMaterials. There are different options for insulating the
building envelope, depending on climatic conditions and the constructive decision
taken at the stage of construction design. There are two main options:

1) when there is a structural layer and a layer of insulation in multi-layer walls,
this is a heat engineering non-uniform enclosing structure;

2) when the insulation layer and the structural layer coincide, it is a heat
engineering homogeneous enclosing structure [14].

Currently, reducing the consumption of fuel and energy resources is especially
important when operating brick buildings. The successful solution of this problem
is associated with an increase in the heat-shielding qualities of the outer walls.
Achieving this in traditional ways leads to an increase in the material consumption
of brick walls.

However, there are also less material-intensive methods, in particular, adding
phenol-formaldehyde, mineral and other additives to the wall structure. The disad-
vantage of this method is the reduction in capital, durability and fire resistance of
brick buildings. Most importantly, this violates the environmental indicators in the
premises, due to the properties of raw materials and the technology of production of
ceramic wall materials.

It is possible to solve the problem of increasing the level of thermal insulation
by creating and using a new generation of effective porous ceramic wall materials.
The experiments carried out helped to develop the main directions for achieving a
higher level of heat-shielding qualities of external brick walls without increasing
their thickness. This policy is based on the production of large-sized ceramic stones,
reducing the density of stones and creating cavities of rational sizes. This makes it
possible to significantly reduce the consumption ofmortar in themasonry of the wall,
to increase the porosity of the shard by introducing a complex of burnout additives
into the mixture.

In areas with relatively warm climatic conditions, to provide the required thermal
protection of buildings, it is sufficient to use a material such as lightweight concrete,
which simultaneously performs two functions: constructive and insulation. Such
structural and thermal insulationmaterials includepolystyrene concrete (PSB),which
has a high resistance to heat transfer. Among lightweight concrete, it has the lowest
bulk density—300 kg/m3 or less. From polystyrene concrete, blocks of large overall
dimensions can be made, which speeds up the laying of blocks when erecting walls
andpartitions. The advantages of using thismaterial in construction include low trans-
port costs and costs associated with the use of lifting equipment and the preparation
of mortar directly at the construction site.

Another energy-efficient material for enclosing structures is sand-cement wall
blocks, which are made with different voids and different strength indicators. The
basis of the block is made up of lightweight aggregates, which occupy up to 50%
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of its volume. This is the most common heat-and-energy-saving material that allows
you to perform the entire list of construction work in the construction of enclosing
structures for low-rise buildings.

Energy Saving Construction Systems. The most rational types of energy-efficient
external enclosing structures are multilayer composite structures of walls and cover-
ings using effective mineral materials. When designing new and renovating existing
buildings, one of three methods of insulation of external walls is used—from the
outside, inside and inside.

The main reserves of heat saving can be realized by insulating existing residential
buildings. Thermal insulation of external walls—the most expensive and laborious
process—reduces heat loss by about 12–15%.

The most famous and widespread methods of external wall insulation include:
ventilated structures for external wall insulation or, as they are called, ventilated
facades (Fig. 3); non-ventilated structures for insulation of external walls using
mineral wool and polystyrene plates with their fastening directly to the walls or to
the frame, as well as all kinds of combinations of these options using local insulation.

The most famous are ventilated facades of the Kraspan type, which are multilayer
systems that are effective in terms of their physical and construction parameters. The
constructive solution of this system is shown in Fig. 4.

In facade design solutions, the following are most used as a heat insulator:

– thermal insulation boards made of mineral wool;
– extruded polyethylene foam;
– heat-insulating plates made of basalt rocks;
– plates (blocks) made of foam glass, etc.

The methods of insulation considered above refer to the blank part of the wall.
However, the weakest link in a building in terms of energy efficiency is the windows.

1. Anchoring; 2. Base for anchoring; 3. External wall cladding; 4. Fastening material; 
5. Substructure; 6. Ventilation fence; 7. Thermal insulation

Fig. 3 Ventilated facade structure [15]
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Fig. 4 Ventilated facade
type Kraspan [16]

1. Shaped elements; 2. Self-tapping screw; 
3. Mounting bracket; 4. Anchor for mounting the bracket; 
5. Paronite gasket; 6. Self-tapping screw; 
7. Dowel to strengthen the insulation
8. Wall; 9. Insulation; 10. Hydro-windproof membrane
11. Vertical fastening profile; 12. Steel rivet
13. Fastening clamp, final; 14. Fastening clip private; 
15. Porcelain stoneware slab

Heat losses throughwindows reach 50% of the total heat losses through the enclosing
structures, therefore, first of all, it is necessary to improve the heat-shielding qualities
of windows. Window fillings made of wood and fiberglass with triple glazing, in the
form of double-glazed windows, with double glazing and a layer of film, provide
regulatory heat protection requirements. During reconstruction, a decrease in heat
loss through windows can be ensured by insulating the slopes with the installation of
platbands and by installing a translucent screen in the inter-glass space of a window
block with separate or paired bindings.

The introduction of the screen makes it possible to restrict natural convection
in the interlayers and to achieve the design mode of thermal conductivity in the
windows.

With the simultaneous consideration of the lighting and heat engineering
properties of structures, windows with screens are more energy efficient.
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One of the directions for the development of energy saving in construction is
windows with heat-reflecting glass. The use of such windows in residential construc-
tion can reduce heat loss through them up to 40% of the energy. In this case, the
recoupment of additional costs does not exceed 1.5 years.

The traditionalmaterials formakingwindowsashes arewood, steel and aluminum.
Among the polymeric materials for use in the construction of window and door
blocks, glass-filled thermosetting materials based on polyester resins—polyester
plastics—are most acceptable. These materials have all the positive qualities of poly-
mers, without the disadvantages of thermoplastics. For example, polyester fiberglass
plastics have the thermal conductivity of wood, the strength and durability of metal,
biological resistance, moisture and weather resistance of the polymer (Table 1).

In the reconstruction of houses, a large part of the cases attic floors are built of
lightweight structures and materials with high heat-shielding properties.

A promising solution for lightweight structures of attic floor frames are frames
using metal-wood structures that combine the advantages of wood and metal as
materials. The joint work of a metal sheet and wooden planks squeezing it can
significantly reduce the weight of the structure and reduce metal consumption by 4
times while ensuring the required bearing capacity.

Options for the construction of attics with enlarged spatial blocks have been
developed. Constructive solutions of volumetric block-rooms for the attic arrange-
ment provide maximum weight reduction and the necessary rigidity of the elements
for their transportation and installation.

Table 1 Comparative physical, mechanical and thermophysical properties of window frames

Physical and
mechanical
characteristics

Fiberglass Glass PVC Steel Aluminum Wood (pine)

Density, t/m3 1,6–2,0 2,2 1,4 7,8 2,7 0,46–0,53

Breaking stress in
compression
(extension), mN/m2
(mPa)

410–1180 35 41–48 410–480 80–430 40–80

Breaking stress in
bending, mN/m2

(mPa)

690–1240 25–50 80 400 275 80

Tensile modulus,
hPa

21–41 50–85 2,8 210 70 11

Flexural modulus,
hPa

27–41 50–85 2,8 210 70 10

Linear expansion
coefficient, ×10 °C

5–14 3,2–11 57–75 11–14 22–23 5,4–34

Thermal
conductivity
coefficient, W/m ×
°C

0,3–0,35 0,45 0,15–0,35 46 140–190 0,04–0,1
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Metal frame, which is monolithic with polystyrene concrete in the plane of the
floor, covering, external and internal walls. In this case, the thickness of the outer
walls and floor is taken according to the thermal engineering calculation for each
region, and the thickness of the interior and interroomwalls (partitions)—taking into
account the strength and sound insulation requirements.

The energy efficiencyofmansard superstructures is ensured, in addition to efficient
enclosing structures, also by choosing rational heating systems. The analysis shows
that in the absence of reserve capacities, the most effective solution for heat supply to
attic superstructures is the use of individual apartment boilers. This optionminimizes
both capital costs and annual operating costs.

Energy-Saving Engineering Systems. A significant share of the energy saving
effect can be obtained by modernizing existing and introducing new engineering
systems, energy sources, equipment and instrumentation for energy saving during
the operation of facilities.

The priority is the following components:

– increasing the efficiency of boiler equipment;
– elimination of heat losses in the main and intra-quarter heating networks;
– modernization of heating systems and hot water supply of buildings, apartment

accounting and regulation of energy consumption.

According to expert estimates, the systematic implementation of energy-saving
technologies can reduce operating energy costs in the residential sector by 2.0–2.5
times. In this case, the specific share of energy saving will be as follows (Fig. 5):

So, due to the improvement of urban planning solutions—8–10%, architectural
and planning solutions—up to 15%, structural systems—up to 25%, engineering

Fig. 5 Specific share of energy savings in the residential sector due to various technologies and
systems
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systems, including ventilation systems—up to 30%, due to the improvement of opera-
tion technology, including the installation ofmetering devices, control and regulation
of heat, water and power consumption—up to 20%.

In order to increase the level and degree of energy saving in the residential sector,
the following energy-saving technologies should be carried out and introduced:

– use of high-performance boiler equipment, including local container-type boiler
houses, when placed on the roof of buildings, the need for heating networks is
eliminated;

– transition to automated individual heating points with the exclusion of the use
of jet mixers—pumps (elevators) with free quantitative and qualitative control of
the heat carrier for front and sectional supply. Setting heating modes for daytime,
nighttime, winter and autumn-spring periods, weekends, emergency heating, etc.

Transition to autonomous hot water supply systems independent of centralized
heat supply using apartment-type gas or electric water heaters and a two-part tariff
for payment for electricity. Up to 25% of the total possible effect of saving thermal
energy can be obtained by installing apartment-based meters for the consumption
of hot water (8–10%) and metering and regulation devices for heating systems,
which contribute to the elimination of overheating of premises with an off-season
and temporary increase in the outdoor temperature and in the room regulation of
temperature during the heating season (10–12%).

When reconstructing existing houses and designing new ones, it is advisable to
use fundamentally new heating systems.

The most widespread in mass housing construction are vertical one-pipe heating
systems. In these systems, it is impossible to fully realize the potential energy savings.
The organization of door-to-door accounting of the consumption of the coolant in
these systems is technically complex and requires large material costs.

It should be noted that a significant saving of thermal energy and an increase
in the level of thermal comfort in heated rooms is achieved when using horizontal
heating systems with apartment-to-apartment distribution of the coolant. Thermal
energy savings during the operation of the systems under consideration is 20–25%
per heating season in comparison with existing vertical single-pipe heating systems.

When the total implementation of the technology upgrading of engineering
systems, heating costs in public buildings for heating and heat supply or infiltrating air
may be reduced by 30–40%. At the same time, one-time capital costs will be signif-
icantly (from 2 to 10 times) lower than the cost of increasing the thermal resistance
of the walls. In general, it is possible to realistically bring the calculated heat losses
in residential buildings to the level achieved in advanced countries—30–35 W/m2.
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5 Conclusions

Thus, it should be noted that in the next decade, at the junction of the traditional
periods of exhaustion and lack of development of new energy sources, there will be
energy scarcity and a sharp rise in the cost of, and the problem of energy saving will
be a priority. In this regard, in the field of creation, modernization and operation of
construction products, the dominant factor will be to ensure minimal heat loss in
buildings through the development and use of energy-efficient space-planning and
design solutions, new with a high coefficient of resistance to heat transfer of building
materials and products, energy-efficient equipment and regulated, including non-
traditional, power supply systems. The priority direction for the development of
building materials, products and equipment will belong to energy-saving types.

Despite the fact that the implementation of technologies to increase energy effi-
ciency during construction increases the cost of construction in comparison with
traditional technologies for the construction of buildings by 5–10% of the cost of
the construction object, however, the introduction of energy-saving technologies at
the construction stage will not only increase the level of comfort in the premises,
but it will also help in the future to save energy and reduce the cost of their use. A
detailed calculation of the economic efficiency of the introduction of energy-saving
technologies shows that the costs incurred at the stage are recouped within 5–8 years.
This happens due to savings during the operation of houses and payment of utili-
ties. In addition, due to energy saving during construction, more comfortable living
conditions for people are simultaneously created, which increases the level of social
satisfaction and security.

Based on the above, with a sufficient degree of reliability, it can be assumed that
the development of structural systems, building materials, products and equipment
will take place in traditional and new directions that meet the requirements of energy
saving, environmental safety, manufacturability, efficiency, low labor intensity of
construction, adaptability to the conditions of reconstruction and modernization of
residential and industrial buildings.
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Methodological Approach to Creating
a Cluster in the System
of Innovation-Oriented Management
of the Construction Complex
Development

Oksana Furmanchuk , Olena Filonych , Olena Koba ,
and Vitaliya Skryl

Abstract Themethodological approaches to the creation of a cluster in the systemof
innovation-orientedmanagement of the construction complex development are deter-
mined. An advanced model that determines the principles, conditions of activity and
the expected economic effect from the introduction of the cluster is proposed. The
model is aimed at ensuring the innovative development of the construction complex
and reducing the cost of construction. The directions of innovation-oriented manage-
ment of the construction complex development are proposed; their implementation
makes it possible to obtain combinatorial advantages from the joint activities of its
participants.

Keywords Construction complex · Innovation-oriented management · Cluster
model

1 Construction Cluster as a Tool for Innovation-Oriented
Management in Construction

Constant changes in the economy, low level of macroeconomic indicators and the
life of the population necessitate strengthening the competitiveness of industries and
the economic complexes, important for the state. In the context of the above, it is
important to determine the sectors of the economy with highest priority that have
significant impact on the socio-economic development ofUkraine and primarily need
constructive changes. These undoubtedly include construction, which is involved in
the creation of fixed assets in other sectors of the economy, providing the population
with one of the primary public goods—housing. Today, the intensive path of develop-
ment of the country and its regions is possible only if the achievements of science and
technology are utilized, in particular, the strategy for implementing the principles of
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innovative development. That is why the introduction of innovations in construction
should become a priority task for the further development of the complex.

The innovative development of construction complex makes it possible to imple-
ment the investment policy of state, to determine national economic proportions,
scale and rate of development of particular industries, scientific and technological
progress and efficiency of investments in all sectors of economy [1].

The choice of goals and directions of economic policy, formation of the concept
of development of Ukrainian society provides for the renewal of organizational struc-
tures in accordance with modern global integration trends, especially with those that
combine innovation and investment processes. The analysis of the problems of forma-
tion and development of innovative organizational and economic structures indicates
the intensification of the implementation of clusters, an organizational model that is
widespread in the world [2–4].

Foreign experience shows that it is clustering that is the form of internal inte-
gration, capable of ensuring socio-economic development. Thus, in the USA there
are about 380 clusters; their sphere of activity covers the processing industries and
the service sector, producing about 61% of industrial products. The West Pannonia
cluster in Hungary accounts for 9% of GDP. Finland, having only 0.5% of the world’s
forest resources, due to the high productivity of clusters ensured by innovative struc-
tures, provides 10% of the world’s wood products exports. Austria has cross-border
clusters with Hungary, Italy, Switzerland and Germany.

M. Porter used the term “cluster” in economics at the end of the last century
[5, 6]. According to him, a cluster is a combination of enterprises and institutions
for which the territorial commonality of its components is an additional factor in
economic efficiency increasing due to the constancy of interrelations, reduction of
transport costs, rational use of all types of local resources, creation of conditions for
combination with territorial planning and management.

In Ukraine, the first theoretical and practical scientific developments are found
in 2000 in the works of M. Voynarenko [7]. While studying the peculiarities of the
implementation of cluster technologies in the Ukrainian economy, he conducted a
study of the conditions for the creation and functioning of clusters, the role of state
authorities in stimulating small and medium-sized businesses to incorporation. In his
opinion, the cluster is a territorial and sectoral voluntary integration of enterprises
that work closely with scientific institutions and local authorities in order to increase
the competitiveness of their own products and economic growth. The other scientists
[8–10] continued the research.

The construction cluster is a special form of the cluster model, as construction
is an industry that is focused primarily on the domestic market. Its main products
are services: reconstruction, modernization and new construction. The construction
cluster brings together not only constructors ormanufacturers of constructionalmate-
rials. It includes research institutions, planners, designers, lawyers, trade associations
and private entrepreneurs, auditors and consulting firms.

Effective innovation-oriented management in construction is hindered by the
underdevelopment of the systemic functioning of the scientific and innovation
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spheres. In modern conditions, with the growth of people mobility, finance, produc-
tion capacity, especially within the EU, not only advanced technologies and produc-
tion are needed, but, first of all, regions that are ready to accept and ensure their
activities. It is the regions that are the “engine” of economic development based on
research, technology and innovation. The regions with strong innovation and invest-
ment potential do not have a particular specialization and are prone to innovations
and industry flexibility, they are called the basis of sustainable development and
competitiveness of the country.

Foreign experience shows that clusters are an effective mechanism for regional
development. They are a kind of platform for a constructive dialogue between repre-
sentatives of business, science and government bodies; they enable the increase in
the involvement of the private sector, the state, research and educational institutions
in the innovation process [11–13]. Slovenia is an example of efficient formation of
cluster-type networks in the construction sector. Construction Cluster of Slovenia
(CCS) was created in February 2004 by 14 companies. Since then, it has developed
as an innovation cluster, with a significant focus on internationalization and interna-
tional cooperation. Austria has significant experience in clustering the construction
industry. In 2003, the Green Construction Cluster of Lower Austria (Lebensmittel
Cluster Niederösterreich) was formed there. At present, its turnover is more than
e 3,534,000,000, and its main activities are the reconstruction of old houses, the
construction of new multi-storey passive houses, improvement of the comfort of
living quarters. In Ukraine, the first construction cluster was created in Khmelnytsky
on the initiative of the “Podillia Pershyi”Association; it unitesmore than 50 small and
medium-sized enterprises specializing in the production of construction materials,
design, construction, and provides a full cycle of construction. In 2007, a construc-
tion cluster was created within “Slobozhanshchina” Euroregion that covers Kharkov
and Belgorod regions.

2 Models of Construction Clusters Formation
in the Regions of Ukraine

The study of domestic and foreign experience of construction clusters [14–17] made
it possible to develop a conceptual model of their formation in the regions of Ukraine,
based on the four-aspect vision of regional development (Fig. 1).

The presented model gives only a systematic idea of the interrelation of regional
development, it does not separate the aspect of education and science as the main
aspect, a subsystem for the formation of other aspects of regional development. But,
in the authors’ vision, the interaction of science, education and industrial production
is a key factor in the civilized process, further economic and social development.
In Ukraine, the relevance of such interaction is enhanced by the fact that the joint
participation of scientific institutions and higher educational institutions, innovative
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Fig. 1 The model of four-aspect vision of regional development

structures and enterprises in the training of highly qualified personnel, the imple-
mentation of priority research, the development and implementation of the latest
technologies is an important condition for the implementation of an effective system
of innovation-oriented management.

With this in mind, the authors proposed a cluster model that has a focal system
of creation, that is, any higher educational institution in the region of Ukraine with
a centuries-old history in construction is chosen as the “core” of such a cluster.
The model of the four—aspect vision of regional development of Ukrainian regions,
based on the determinative role of the higher educational institution, which acts as the
“core” and the condition for creation and functioning of the research and production
construction cluster, is shown in Fig. 2.

As a rule, an innovation cluster has a core structure, forming around a large enter-
prise, research center or university. Accordingly, if there are several such enterprises
(centers), we are talking about amulti-core cluster. A cluster that develops effectively
must include medium-sized specialized enterprises, one large industrial enterprise,
a research center and an educational institution. To coordinate actions and increase
the efficiency of interaction, a kind of platform is needed, that represents, on the one
hand, the individual interests of each of the participants, and on the other hand, the
general direction of movement in the interests of the entire cluster.

The experience of other countries shows that the most effective is the creation of
innovative infrastructures based on higher educational institutions. Thus, four main



Methodological Approach to Creating a Cluster … 643

Higher educational 
institution in the field 

of construction: 

(linked vertically by 
interrelations in 

connection with the 
graduation of scientists 

in the field of 
construction, and 
horizontally - by 
interrelations of 

exchange of 
technologies for the 

production of 
construction products 

Environment and 
elements of 
functioning

Socio-organizational aspect: system of government, state organizations, political 
organizations, population of the region, system of social institutions, family institution.

So
ci

al
 a

sp
ec

t:
 a

 s
ci

en
tis

t r
ep

re
se

nt
ed

 b
y 

th
e 

co
m

po
si

tio
n 

of
 s

oc
ie

ty
, 

m
an

y 
ch

ar
ac

te
ris

tic
s 

(v
al

ue
 

sy
st

em
, 

le
ve

l 
of

 
de

ve
lo

pm
en

t, 
in

te
lli

ge
nc

e,
 a

 c
er

ta
in

 w
or

ld
vi

ew
, 

ot
he

r, 
pe

rh
ap

s, 
ne

w
 q

ua
lit

ie
s)

, 
po

ss
es

si
on

 
of

 
w

hi
ch

 
is

 
re

qu
ire

d 
fo

r 
de

ve
lo

pm
en

t, 
fu

nc
tio

ni
ng

, 
co

m
pl

et
in

g 
pe

rs
on

al
 m

is
si

on
 a

s 
a

pa
rt 

of
 th

e 
m

is
si

on
 o

f t
he

 s
oc

ie
ty

 a
s 

a 
w

ho
le

in
ne

w
ly

 c
re

at
ed

 c
on

di
tio

ns
.

Environment and 
elements of 
functioning

Economic and environmental aspect: the system of economic and economic entities 
(construction companies, trade enterprises, services), development of industries, resource 
(including environmental) potential of the region.

Scientific and 
technological 
resources of 
functioning

A
sp

ec
t o

f s
ci

en
ce

 a
nd

 te
ch

no
lo

gy
: s

ci
en

tif
ic

 p
ot

en
tia

l o
f t

he
 re

gi
on

, 
sy

st
em

 o
f 

re
se

ar
ch

 in
st

itu
tio

ns
, b

an
ks

 a
nd

 e
xc

ha
ng

es
 o

f 
in

no
va

tio
ns

, 
kn

ow
le

dg
e 

ba
se

s, 
co

ns
ul

tin
g 

ce
nt

er
s a

nd
 sc

ie
nt

ifi
c 

sc
ho

ol
s.

Product of 
functioning

Fig. 2 The “core” of the cluster in the structure of the region’s economy (compiled by the authors)

groups of university innovation structures can be identified: business incubators,
technology parks, technopolises and science parks.

Business incubators are multifunctional complexes that provide various services
to new innovative firms that are at the stage of emergence and formation.

Technology parks, in comparison with incubators, provide for the creation of a
more diverse innovative environment. The services of technology parks are used
by small and medium-sized innovative enterprises that are at various stages of
commercial development of scientific knowledge, know-how and science-intensive
technologies.

A technopolis, unlike previous forms, is a large modern scientific and industrial
complex, that includes a university or other higher educational institution, research
institutes, as well as residential areas with cultural and recreational infrastructure.

The purpose of science parks establishing, in contrast to technology parks, is the
development of scientific, technical and innovative activities in a higher educational
institution or a scientific institution, the effective and rational use of the available
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scientific potential, material and technical resources for the commercialization of
scientific research results and their implementation in the domestic and overseas
markets.

Of all the presented university innovation structures, a technology park is most
consistent with the goal of creating an innovation cluster; that is why it is included
in the core of the proposed construction cluster.

The main purpose of the technology park is to form the competitive advantages
of the cluster in the region as a whole and its subjects (participants), in particular,
through integration in a single information space of education, science and business,
interaction between them and creating synergies to develop priority areas profits due
to the coordination of activities and organization of joint structures of different legal
forms (specialized educational institutions, research organizations and commercial
enterprises). Thus, close cooperation between innovation-active enterprises, science,
education and the local community (including public authorities, the media) in the
presence of a certain coordinating element forms the so-called triple spiral—business,
university and society.

In the author’s vision, the final “core” of the cluster is represented, on the one
hand, by the technology park, and on the other hand - by the key partner of the
technology park—the profile university in the construction industry. In the context
of the proposed model, the system-forming element is the technology park, which
is created on the basis of the university buildings, which provides a number of key
functions for the cluster as a whole.

High efficiency, sustainability and viability of the cluster are determined by the
presence of participants-partners of the “core” of the cluster (technology park and
university), including research centers, large construction companies in the region,
service firms needed to provide quality services to innovative firms and compa-
nies specializing in profile activities of the technology park, regional authorities
responsible for the implementation of innovation policy in the region.

Under this approach, within the proposed cluster there is a possibility of forming
a “closed” innovation and educational chain, in which each of the elements plays a
key role within its competences, and the technology park provides coordination and
coherent policies aimed at achieving efficiency and competitiveness of innovative
construction cluster. in general.

The technology park core is designed to serve as a link between the needs of
business, the capabilities of the research center, the university, government officials
on a wide range of issues, namely:

– support of development processes on the basis of the university and its sepa-
rate research laboratories and approbation in the regional market of science-
intensive technologies and high-tech products in the field of construction, ensuring
interaction between science, education and business;

– systematic monitoring of construction projects carried out at the university and
specialized research organizations, in order to identify intellectual property and
technologies that have sufficient potential for commercialization;
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– creation and maintenance of a database on research, personnel and other capa-
bilities of the Faculty of Civil Engineering and adjacent departments, research
units, laboratories to work with industrial construction models, primarily—with
construction companies in the region—members of the technology park;

– formation of a “community” within the construction cluster; balancing individual
activities in the interests of its participants, coordination and development of
resources, evaluation and protection of results.

In this way, the technology park creates and develops the necessary connec-
tions between all members of the innovative construction cluster: innovative compa-
nies, research organizations, the university, large construction companies, financial
institutions, authorities and the media.

In addition to the formation of a common synergetic effect for the cluster and
increase its competitiveness, we can talk about a number of additional benefits that
participants will receive from the proposed innovative construction cluster from the
implementation of the proposed strategy:

1. For construction companies:

– increasing competitiveness in domestic and foreign markets through the use
of advanced technologies and results of scientific and technical achievements
of research centers and universities that are the part of the cluster;

– solving the personnel problem by using the educational potential of the
university and other educational organizations—members of the cluster;

– significant cost savings due to preferential terms of placement and provision
of a wide range of construction services on the basis of the technology park;

– facilitating access to the capital market, forming an attractive investment
image; access to unique high-tech equipment and the ability to interact with
public authorities and the media.

2. For research organizations: commercialization of the results of scientific and
technical activities, increasing demand for research and scientific and technical
products from enterprises that are part of the cluster.

3. For a higher education institution in the field of construction:

– intensification of scientific and technical activities in the field of construction,
commercialization of the results of scientific and technical activities and
intensification of innovative activity of students, graduate students, faculty;

– improving the quality of educational processes of the university due to the
use of the innovative potential of the technology park and cluster.

4. For the construction industry as a whole: creation of an innovative construc-
tion high-tech cluster and a powerful technology park, new jobs for highly
qualified specialists in the construction industry; increase of tax revenues to
the budgets of different levels; development of international cooperation in the
field of construction, realization of intellectual and innovative potential of the
construction complex of the region.
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Fig. 3 The structure of relations within the research and production construction cluster (author’s
development) while long ones are justified

The links of the innovation cluster are provided by peculiar mechanisms that can
operate within it (Fig. 3).

The levels of development of each element in a cluster cannot differ greatly. The
existence of competition between the horizontal elements of the cluster has a positive
effect on the efficiency of the cluster. In addition to its main production function, it
provides coordination and production links within the cluster, each cluster element
is able to produce “additional utility” for other elements.

For example, a higher education institution may be interested in the success of
a cluster not only because its research is in demand, but also because the most
successful graduates are guaranteed employment in the cluster’s enterprises. Small
suppliers can count on the support of larger participants in the form of short-term
cheap loans (or other types of financial support). Research organizations can include
in their research plan not only the large developments required for the production of
the main product of the cluster, but also small case studies commissioned by other
partners in the cluster.

Additional utility can not always be measured in monetary terms, but any social,
organizational, even moral support increases the efficiency of the entity, and this over
time leads to direct economic benefits that can be measured in monetary terms.

Due to the creation of clusters, as the most important method of innovation-
oriented management of the development of the construction industry, construction
companies will become potentially attractive to domestic and foreign investors. Clus-
tering will help develop specialization, improve production quality, attract reserves,
reduce production costs and maximize the overall economic effect.

In addition, the creation and effective development of innovative construction
cluster in any region of Ukraine will create additional jobs, increase employment,
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increase wages and budget contributions, relieve social tension in society, improve
the quality of life, promote innovative development of the construction industry.

3 Assessment of the Economic Efficiency
of the Functioning of an Innovative Construction Cluster

The effective functioning of a research and production innovative construction cluster
based on a technology park depends onmany factors, the main of which are: the level
of construction complex development; availability of demand for construction goods
and services; cooperation of construction companies heads with government agen-
cies; the presence of leading enterprises that could become the “core” of the cluster;
human resources of operating enterprises of the construction complex; availability
of educational institutions of the appropriate profile; investment attractiveness of the
region; the level of development of industry, social sphere, etc.

The question of determining the economic efficiency of the technology park and
the cluster association as a whole remains open. Since it is extremely difficult to
assess in advance all the benefits of such cooperation, especially in the context of
the lack of a regulatory aspect of this problem.

The efficiency of the construction cluster is a relative indicator that shows the
ratio of results and costs associated with the use of means of production, labor,
entrepreneurial skills in the provision of construction services of a certain quality in
a limited resource and unlimited needs.

At the same time, the efficiency of the cluster itself is assessed, which reflects the
efficiency of the process of forming new organizational entities and, accordingly, the
structural elements of the cluster and the efficiency of using resources for their work
according to the formula:

Ew.cl. =
n∑

i=1

Ecl.i

/
n∑

i=1

Bcl.i (1)

where Ecl.i–the effect of the i-th participant from working in a cluster;
Bcl.i–costs incurred during the cluster period;
i = 1, …, n;
n–number of enterprises.
Assessment of economic efficiencyof the proposed innovative construction cluster

based on the technology park, which is based on the use of fixed and working capital,
labor andfinancial resources, leads to an increase in the level of soundness ofmanage-
ment decisions, cost optimization [18], which allows full use of resource potential
and opportunities in the construction services market. The overall effect of the imple-
mentation of the cluster on the basis of the technology park, the model of which was
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proposed, is to optimize the costs of the construction industry in the region by effec-
tively managing them and increasing the profitability of innovation in the regions of
Ukraine.

4 Conclusion

The successful implementation of the cost optimization mechanism in the system
of innovation-oriented management of the development of the construction complex
is possible only if the complex interaction of all its elements at all levels of the
complex management. Managers must clearly understand the structure of the cost
mechanism at all levels of management, since the price of construction projects
depends on its functioning and the interaction of all its constituent elements. In
the construction industry of Ukraine, the formation of product prices is influenced
by many different factors, but the regional authorities due to the introduction of
an innovative construction cluster have the opportunity to find reserves to reduce
the total cost of construction, which is the result of cost formation. After all, the
main reason for the high cost of construction projects is the imperfection of cost
management, which is manifested in the inefficient organization of resource and cost
management in the construction industry of the regions, which leads to high and
uncompetitive prices for construction sites.
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16. Anića I-D, Corrocherb N, Morrison A, Aralicaa Z (2019) The development of competitiveness
clusters in Croatia: a survey-based analysis. Eur Plan Stud 27(11):2227–2247

17. Laur I (2019) Cluster initiatives within the European context: stimulating policies for regional
development dreams. New Technol Based Firms New Millennium 11:147–170

18. Koba O, Yu M, Biba V (2018) Construction work cost determination. Int J Eng Technol
7(3.2):169–175

https://ec.europa.eu/growth/industry/policy/cluster/observatory_en


Features of Strategic Analysis
of Externals Factors of the Building
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and Turkan Hasanova

Abstract The article considers the types of modified PEST analysis (PESTLE,
SLEPT, DESTEP, PESTPMED, STEP, STEEPLE, PESTLIED), which are important
in the development of projects and development programs. It is determined which
tasks can be solved with the help of strategic analysis. It is the strategic analysis
that answers the question of how to achieve the desired in 3–5 years. The features
of strategic analysis of building organizations are certain. It is proposed to use the
LoNGPESTLE method—analysis for the implementation of international projects,
whichwillminimize risks and increase profitability. Its advantages are: simplicity, the
ability to carry out individually or collectively, allows you to capture many thoughts
at once; identify factors that may effect, for a construction organization, this is impor-
tant in the implementation of projects using funds from international organizations
(and/or) the involvement of innovative technologies. It can be used regularly with a
fixed time to track the dynamics of changes in strategy indicators.

Keywords PEST-analysis · Strategic analysis · LoNGPESTLE · STEP · Building
organization

1 Introduction

In the conditions of the digital economy, the role and value of the building industry
are considerable. Because the environment we create affects the physical and psycho-
logical well-being of people who live and interact from birth to death. Therefore, the
introduction of innovations and environmental standards cannot only meet the needs
of modern society in housing but also ensures the formation of an effective social
infrastructure that affects the quality of life. The last 10 years have been difficult for
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the construction industry of Ukraine. The difficult political, socio-economic situation
in the domestic market, the unfolding of the global financial crisis, and the armed
conflict in Ukraine have led to an increase in the number of threats.

The presence of internal problems in the industry: constant changes in the State
Architectural and Construction Inspectorate, which lead to delays in permits and
commissioning of buildings, high level of corruption, lack of qualified personnel, low
level of investment attraction, slow introduction of innovations in the construction
process, high level of moral and physical depreciation of fixed assets of construc-
tion companies, slow introduction of energy and resource-saving technologies. All
this leads to a decrease in the competitiveness of the industry and the need not
only to address these issues but also to develop an anti-crisis strategy taking into
account current trends and pandemics. Because it was the COVID-19 pandemic that
created new threats, but also opportunities for construction development, especially
in regional markets. At the same time, it demonstrated the relevance of strategic
analysis methods for building companies.

In the scientific literature, the study of strategic analysis, its methodology
was engaged in such scientists: Ansoff I [1], A. Thompson, A. Strickland [8],
Gerasymchuk V., Azoev G. [2], Dovgan l., Shershneva Z., Solovyov V. [11],
Nemtsov V., Onyshchenko V. [12–16] etc. The methodology of strategic analysis
is being improved taking into account globalization and the growth dynamics of
environmental factors, so it needs further research.

2 Main Body

In world practice, strategic analysis demonstrates the possibilities of forming strate-
gies for the development of corporations, the conduct of competitive activity is on
international markets, development of effective anti-crisis strategies.

In Ukraine of practical workers of strategic management and analysis did not yet
occupy a high level. Building organizations in Ukraine are difficult to apply strategic
management for lack of experience, dynamic terms of menage, absence of only
methodological basis, lack of funds for innovation, lack of education. At the same
time, these factors determine the need for strategic analysis. Strategic analysis is a
key factor in the success of management. It allows you to study the organization and
its work environment to develop an operational strategy. It improves the efficiency of
operational management and forms the key success factors. Thus, strategic analysis
allows you to set the goals to be pursued to get the desired result and the tasks to be
performed.

At the same time, improvement plays an important role. Improvement is one of the
constant tasks in the construction organization, which requires constant, systematic
implementation. Therefore, to develop it is necessary to periodically conduct strategic
analysis. Then it will help to build organizations to plan in good time and define, what
directions need perfection. Therefore, the following features (Fig. 1) characterize the
strategic analysis of the building organization.
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Fig. 1 Features of strategic analysis of building organization. Source: Compiled by the authors

Thus, in the process of organization of strategic analysis of building organization
it may be to decide next basic tasks (Fig. 2).

This is ensured by adhering to the following principles of strategic analysis
(Fig. 3).

During the strategic analysis of the construction organization, the main elements
(indicators) are determined, which are then used in external and internal reports
(Fig. 4).

It allows providing the possibility to elect direction of further development of
building organization. Without the result of strategic analysis of strategy, id est
reasonable plan it will be difficult to realize the pre-arranged actions and attain a
desirable effect. The strategic analysis gives answers to three basic questions:

1. Forms an information array for 
management activities (cycle).

2. Allows you to identify reserves for 
enterprise growth.

3. Ensures the investment attractiveness 
of the enterprise by determining 
positions in national and other rankings.

4. Ensures the adaptability of management 
by responding to changes in the external 
environment.

5. Allows you to assess the efficiency, 
competitiveness at the level of 
competitors, industries, countries.

6. Determine the market value.

Fig. 2 Basic tasks that are decided by the strategic analysis of building organization. Source:
Generalized by authors based on source elaboration [2, 4, 9]
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the principle of systems, 
which provides the 
company as an open socio-
economic system; 

the principle of
comprehensive, which 
involves the analysis of all 
subsystems of the enterprise;

the principle of 
dynamism, which 
involves research in 
dynamics; 

the principle of specificity, 
namely taking into account 
the industry specifics of the 
enterprise;

the principle of accuracy, 
namely the substantiation of 
conclusions by accurate 
analytical calculations;

the principle of scientificity namely the use of economic laws of development, progressive 
research methods

the principle of 
objectivity, namely 
the use of verified 
information

Fig. 3 Principles of realization of strategic analysis of building organization. Source: Generalized
by authors based on source elaboration [1, 2, 4, 8, 9]

Mission Strategic goals Tactics

Strategic position Competitive edge Strategic potential of the 
enterprise

Fig. 4 Basic elements (results) of strategic analysis of building organization. Source: Generalized
by authors based on source elaboration [3, 8]

1) In what position is a company now?
2) What position must a company be in through a certain interval of time (through

three, five, ten years)?
3) What do exist ways of achievement of desirable position?

Examining the organization of strategic analysis at a construction company, we
found that an important role is played bymethodological support (Table 1). It involves
the use of general scientific methods. Also, the use of various applied techniques,
which reflects their uniqueness and difference from traditional methods of analysis.

The analysis of scientific works revealed that different approaches to classifica-
tion are used for strategic analysis. In this case, we offer them to group in three
basic groups of methods of strategic analysis: macro environments, meso environ-
ments, and microenvironments. Such an approach allows distinguishing the strategic
alternatives of development of building organization, especially when the strategy
of development is developed and project requests are formed on the realization of
strategic projects with bringing in of investors and under back money. This will
minimize risks and increase business transparency.
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Table 1 Methodical support
of the process of strategic
analysis of the enterprise

Types of analysis Methods of analysis

Strategic analysis of macro
environment

Segmentation methods;
PEST analysis;
Econometric modeling;
Extrapolation forecasts

Strategic analysis of the meso
environment

Enterprise life cycle analysis;
Analysis of input and output
barriers of the industry;
Analysis of strategic groups of
competitors;
Benchmarking;
Cluster analysis;
Methods of expert
assessments;
SWOT analysis;
SPACE analysis;
Compiling an environment
profile;
Monitoring of weak signals;
Matrix methods of strategic
analysis;

Strategic analysis
microenvironment

Enterprise life cycle analysis;
Product life cycle analysis;
SWOT analysis;
Time series analysis;
Methods of predicting
bankruptcy;
Network analysis methods;
Analysis of key success factors

Source: Generalized by authors based on source elaboration [3–9].

Among the most common methods of strategic analysis of environmental factors
is the method of a PEST analysis. PEST analysis is a simple and widely used tool that
helps analyze political, economic, socio-cultural, and technological changes in your
business environment. The founder of PEST analysis is Francis J. Aguilar, a professor
of management at Harvard University. He developed this macro-environment anal-
ysis tool for scanning the business environment (1967). The factors of PEST analysis
will depend on the importance to the company depending on its industry and the
products and services it provides (Table 2).

It is important tomark that during realization of evaluation of factors, then specific
gravity (V) is determined on the degree of importance from 0,001 to 0,9. A total sum
must present 1. Points are set by experts: 0 - a factor does not have an influence; 1 -
a factor exists, but does not have an influence; 2 - the factor exists and may affect the
results; 3 - exists and has no direct impact on the result of the enterprise; 4 - exists
and has a direct impact on the result of the enterprise; 5 - has a significant impact on
the activities of the enterprise and its results.
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Table 2 PEST analysis

political specific 
weight, 

V

point, P product,
Р

social specific 
weight, 

V

point, P product, Р

total total
Middle estimation 
of influence of 
political factors

Middle estimation 
of influence of 
social factors

The strength of the influence of 
political factors

The strength of the influence 
of social factors

Econo-
mic

specific 
weight, V

point, 
P 

product,
Р

Tech-
nologi

cal

specific 
weight, 

V 

point, P product, Р

total total
Middle estimation of 
influence of 
economical factors

Middle estimation 
of influence of 
technological
factors

The strength of the influence of 
economical factors

The strength of the influence 
of technological factors

This helps you understand the «big picture» of the forces of change you are
undergoing, and take advantage of the opportunities they present. It is important to
consider PEST analysis as part of external analysis for strategic planning or strategic
analysis. Another option is a PESTLE analysis, to which legal and environmental
factors are added. If people want to add another layer locally, nationally, or globally,
they can use another option, namely the so-called LoNGPESTLE. There are the
following variations of PEST analysis (Fig. 5).

PESTLE / PESTEL:
political, economic, social, 
technological, legal, 
environmental

SLEPT: political, 
economic, socio-
cultural, 
technological, legal

DESTEP: Demographic, 
Economic, Sociocultural, 
Technological, Ecological 
and Political/Legal.

PESTPMED: demographic, 
economic, sociocultural, 
technological, ecological 
and political, legal,
international

STEEPLE: Social/Demogr
aphic, Technological, 
Economic, Environmental, 
Political, Legal, Ethical. 

STEP: political, 
economic, social, 
technological 

PESTLIED: Political, Economic, Socio-Cultural, Technological, Legal, International, 
Environmental, Demographic

Fig. 5 Types of PEST analysis. Source: Compiled by the authors
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The realization of PEST analysis for building an organization will be useful for
four principal reasons (Fig. 6).

Based on of PEST analysis for building organizations that aim to go out to the
international market it is recommended to use LoNGPESTLE is an analysis that was
formed based on PESTLE—to the analysis. In contrast, it provides an analysis at
three levels (Table 3).

LoNGPESTLE structure—the analysis allows to classifying economic, political,
social, technical, legal, and ecological factors taking into account geography.

Its advantages are: simplicity, the ability to carry out individually or collectively,
allows you to capture many thoughts at once; identify factors that may influence
and engage ordinary professionals. The peculiarity of its holding is the geographical
factor, which must be clearly defined and discussed.

And the last method is STEP analysis (Table 4), which is a kind of PEST anal-
ysis. This method envisages the analysis of key factors that influence the activity of
building organization. Him it may be to apply on regular basis with the fixing of time,
that allows watching the dynamics of changes of indexes, and also their influence. It
allows estimating the influence of factors of environment of building organization.

Thus, several modified methods are used in world practice to study environmental
factors, in particular, PEST analysis: PESTLE, SLEPT, DESTEP, STEP, LoNG-
PESTLE, PESTPMED. They allow amore detailed analysis of environmental factors
to identify strategic alternatives and minimize risks. As the external environment

It helps you notice business or personal 
opportunities, and also gives you the 
opportunity to warn of significant threats.

It reveals the direction of change in your 
business environment. It helps you shape 
what you do so that you work with the 
changes, not against them.

This helps you avoid starting projects that 
may not be implemented for reasons 
beyond your control. 

This helps you to free yourself from 
unconscious assumptions when you enter 
a new country, region or market. This 
helps you develop an objective view of the 
new environment.

Fig. 6 Advantages of using PEST analysis. Source: Compiled by the authors

Table 3 LoNGPESTLE analysis

Levels Factors

Political Economic Social Technological Legal Ecological

Local

National

Global

Source: Generalized by authors based on source elaboration [5–7].
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in Ukraine is very dynamic and difficult to predict, their role and significance are
important and necessary. Therefore, it is advisable to expand the practice of using
PEST analysis, especially in the implementation of foreign economic activity of
construction companies. Therefore, it is expedient to suggest using LoNGPESTLE,
PESTLE, SLEPT, DESTEP, STEP, PESTPMED. In Ukraine, the analysis of the
macro-environment will allow us to develop more accurate cash flow forecasts and
improve the position of construction companies. Will reduce the number of unsuc-
cessful construction projects. It will allow the introduction of innovations in the
process of housing construction, commercial real estate, infrastructure.

3 Conclusions

Thus, further research is needed by the questions of development of strategy of
changes of building organization based on factors that will be set in the total PEST
analysis or PESTLE, SLEPT, DESTEP, STEP, PESTPMED and their intercommu-
nication with motive forces of the market. The importance of the decision of these
questions consists in the necessity of the permanentmonitoring of influence of factors
of environment of enterprise in anorder to envisage character anddegree of their influ-
ence. It will identify trends and tendencies, respond to them and implement strategic
changes. It will reduce the number of errors in the implementation of international
construction projects.
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Assessment of the Regional Energy
Efficiency Potential of the Housing Sector
of Ukraine

Olha Komelina , Svitlana Shcherbinina , and Mahabbat Mammadov

Abstract This article develops a methodological approach to the integrated assess-
ment of potential opportunities for energy efficiency providing for the residential
sector in the regional context. Regional comparison of energy efficiency potential
is based on values that characterize technical, economic, and social components of
energy efficiency in the residential sector. The regions are ranked according to the
integrated values and clusters are formed according to the level of energy efficiency
assessment, which characterizes the differentiation of regional effectiveness of orga-
nizational and economic supplying of energy efficiency in the residential sector.
The results, attained during the estimation of potential opportunities of energy effi-
ciency management give the possibility to assess not only the action efficacy of all
government branches to implement energy-efficient technologies but also to identify
opportunities to apply political instruments to support the practice of stable building,
based on sustainable development principles.

Keywords Energy efficiency potential · Integral assessment · Ranking of regions
by integrated rating score · Ensuring energy efficiency of the residential sector

1 Introduction

The issue of energy efficiency and the economic use of energy resources has been
important for a long time for many countries around the world. More and more
of them are trying to solve the energy efficiency problem by introducing the latest
technologies. Ukraine is doing its best not to stand aside of those tendencies. The
detected reserves of energy saving and energy efficiency of the residential sector of
Ukraine’s economy according to a recent evaluation by scientists and practitioners,
vary from 50 to 70% of the current level of energy consumption.
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Therefore, there is a need to develop a methodological approach that would allow
assessing the potential opportunities for energy efficiency of the residential sector in
the regional context.

2 An Overview of Recent Research Sources
and Publications

Scientific and methodological approaches to the energy efficiency of the residen-
tial sector of the economy are actively studied by scientists and practitioners all
over the world, and their systematization of generalization allows identification of
modernmechanisms and devices to improve organizational and economic guarantees
of energy efficiency of the residential sector in Ukraine.

Among all the variety of extremely important problems of energy efficiencymain-
tenance of residential sector in foreign countries the following should be included:
scientific and methodological approaches to energy efficiency maintenance of the
residential sector: assessment of energy poverty in low-income households, which
includes climatic, building, socio-economic characteristics of the country (Spain) [1];
studying the difference in energy efficiency depending on the group of consumers and
its type [2]; application of a nonlinear methodology and interdisciplinary approach to
the study of energy consumption in households, in particular analysis of the covari-
ance structure, to isolate direct and indirect consequences of household and housing
characteristics for total annual domestic energy consumption (USA) [3]; study of
the utility market potential, the role and tasks of its players, demand modeling
and energy resources prices forecasting [4]; development of energy consumption
management for efficient use of resources in terms of technical progress [5]; concep-
tual approaches to housing fund renovation and partial reconstruction in context
of European energy policy, thermal modernization of housing fund, as well as
combining energy efficiency issues with ecological, financial, social and cultural
goals of housing management (Sweden) [6]; increasing energy efficiency in the non-
profit housing sector (Netherlands) [7]; problems of effective energy applying and
energy efficiency measures in the construction sector as a tool to reduce energy
consumption and to improve local ecological sustainability (Malaysia) [8]; assess-
ment of the impact of municipal construction structures and their actions in energy
efficiency stable building and renovation field [9]; mechanisms to stimulate energy
efficiency during the projecting and construction of residential and public buildings,
including the availability of energy efficient housing for the population; impact of
energy efficient measures in residential buildings on the cost of habitation (USA)
[10]; problems of management innovation-oriented development the construction
industry of Ukraine [11]; methodical approach to determining the minimummediate
costs for 1 m2 of affordable housing at the level of Ukrainian regions [12].
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3 Purpose of the Article

The main purpose of the paper is to develop and implement a methodological
approach to estimating the regional potential of energy efficiency, which allows to
apply comparative assessment of the performance of the management and economic
allowance of energy efficiency and use of energy efficiency potential in the housing
sector in Ukraine (including Donetsk and Luhansk regions), to rank the regions
according to the integrated rating score.

4 Methodical Approach to Assessing the Regional Potential
of the Residential Sector

Theoretical Aspects
The concept of potential in themodern economy is interpreted ambiguously, there are
a lot of theoretical approaches to determining its essence and constitution. It is most
frequently used in the study of market opportunities of economic entities, the forma-
tion and evaluation of current and future opportunities that ensure the effectiveness of
activity and create circumstances for the development of a competitive environment.
At the same time potential performs: as a set of available instruments and resources;
includes sources, opportunities, tools, reserves, which could be involved in solving
certain issues [13]; characteristics of available productive forces in any field [14];
present opportunities, resources, reserves, instruments, etc. [15, 16].

The potential of energy efficiency is identified by authors as a set of resources,
possibilities, and tools, which can be used to reduce the cost of energy resources in
residential buildings while ensuring the optimal level of comfort for the population.

The regional potential of energy efficiency characterizes local features of energy
consumption and energy efficiency in regions, it should be considered as a set of
resources, possibilities, and tools, which can be executed to decrease energy expen-
ditures in residential buildings while ensuring the optimal level of comfort for the
population.

The introduction of such a concept allows considering a methodological approach
to the integrated assessment of potential opportunities for energy efficiency of the
residential sector in a regional context as an important tool for improving the orga-
nizational and economic support of energy efficiency of the residential sector in the
national economy.

Regional differentiation of organizational and economic support of energy effi-
ciency of the residential sector in the national economywill indicate the effectiveness
of energy efficiency management of buildings in Ukraine in the regional context. In
this study, based on the available statistics of the State Statistics Service of Ukraine
[17], the integrated rating of the regions according to their energy efficiency potential
was calculated.
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Regional comparison of energy efficiency potential is carried out on eight indi-
cators: total area of housing area, in thousand m2; the current number of population
in regions, in thousand people; disposable income of the population in regions of
Ukraine, in million UAH; the number of buildings, equipped with units of commer-
cial heat metering (residential) by regions, %; use of natural gas by regions, million
m3; use of heat by regions, Gkal; electricity use, million kWh; the total amount of
subsidies allocated to reimburse the cost of housing and communal services, thousand
UAH.

The algorithm of rating assessment of energy efficiency potential is accomplished
in three stages. The first stage is the calculation of the sum of the relative deviations
of the indicators, which characterize certain activities of economic entities in the
region, from the best values of these indicators by the formula:

Sj =
n∑

i=1

Wi j, (1)

where Wi j =
(

Bi j−Bmini
Bmaxi −Bmini

)
for stimulator indicators;

Wi j =
(

Bmaxi −Bi j

Bmaxi −Bmini

)
for destimulator indicators;

Sj—rating evaluation of energy efficiency potential of the j-th region for each of
the indicators;

Bij—value i-th indicator of j-th region, 1 ≤ i ≤ n;
Bmaxi , Bmini—a minimal and maximal value of indicators.
The second stage. Determining the arithmetic mean of the sum of the rating of

the energy efficiency potential of the assessment region for each of the indicators
according to the formula

Sjavg = Sj

n
, (2)

Sjavg—the arithmetic mean of the sum of energy efficiency potential ratings by
n-th indicators;

n—the number of indicators on which the calculation is performed.
The third stage. Determination of the integrated rating score of the energy

efficiency potential of the region using formula

Sr j =
∑ (

Sjavg · qi
)
, (3)

where Srj—integrated rating score of the energy efficiency potential of the j-th
region;

qi—the significance of i-th indicators group.
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Region with the highest Srj value has the biggest energy efficiency potential.

The Results
The regions are ranked according to the integrated indicator and clusters are formed
according to assessment level of energy efficiency potential, which characterizes
differentiation of regional effectiveness of organizational and economic support of
energy efficiency in the housing sector of the national economy, the bigger the energy
efficiency potential is, the lower energy efficiency considering the usage of energy
resources is in the residential sector and the larger volume of energy resources can
be saved, by increasing the effectiveness of organizational and economic support of
energy efficiency in the residential sector of the national economy at the regional
level (Fig. 1).

Dnipropetrovsk, Donetsk, Kharkiv, Odesa regions, and the city of Kyiv perform
the highest energy efficiency potential.

The result of energy efficiency potential assessment of buildings allows evaluating
not only the effectiveness of all branches of the government in the implementation of
energy-efficient technologies but also to identify opportunities to introduce political
instruments to support sustainable construction practice based on stable development
principles.

This approach requires balancing all factors of sustainability—economic, energy,
ecological and social.

Despite some positive changes in Ukraine’s energy efficiency in general, the level
of effectivity in regions of the country has changed in different ways, which requires
taking in account certain regional specifics and, accordingly, setting adequate targets
for regions to realize the potential, which would take into account national goals and
regional specifics at the same time.

At the same time, it should be noted that, despite this, inUkraine, a criteria base for
energy efficiency assessment has not been defined yet, as well as methodical devel-
opments for its measurement and comparison (it is possible to adequately compare
different countries and regions of the world in terms of energy efficiency, consid-
ering climatic, territorial, infrastructural and other features). In this case, the only,
relatively universal and commensurate for international and regional comparisons
of energy efficiency is the energy intensity of GDP taking into account purchasing
power parity (PPS).

Scientific Novelty
A methodological approach to integrated assessment of regional energy efficiency
potential has been developed, which characterizes the local features of energy
consumption and energy efficiency of the regions of Ukraine, and can also be used
to identify potential opportunities and priorities for energy efficiency management
of buildings.

Practical Relevance
Firstly, the obtained results of the research allow making adjustments of energy-
saving policy and strategies of social and economic development of the regions of
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Fig. 1 Assessment of energy efficiency potential in the residential sector of Ukraine in the regional
context, 2018 (developed by the author, data on the Autonomous Republic of Crimea are missing)
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Ukraine on a systematic scientifically substantiated basis, as well as be taken into
account in the development of relevant program documents. The practical use of the
obtained results of the implementation of this approachmakes it possible to determine
the differentiation of regional effectiveness of organizational and economic support
of energy efficiency of the residential sector in Ukraine.

5 Conclusion

The obtained results make it possible to optimize the content of regional and local
strategies of sustainable energy development from a standpoint of energy efficiency,
implementation of effective mechanisms to stimulate the population to introduce
energy-saving technologies on a basis of the integrated approach, in terms of which
along with creating the legislation, it is necessary to take into account the economic
interests of housing owners and investors. This fundamental moment was understood
in all developed countries of the world.
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Abstract The article examines the economic reforms carried out in Azerbaijan,
the goals outlined by industries according to Strategic Plan of the “Strategic Road
Map for the National Economy and Main Sectors of the Economy”, aimed at imple-
menting these reforms, development strategies, and reforms carried out in accor-
dance with State Programs. It has been noted the importance of these reforms in the
national economy sustainable and constant development. The article describes the
development of the non-oil sector in the framework of general, sectoral and regional
programs adopted in Azerbaijan to achieve sustainable development, diversification
of the economy, development of infrastructure aimed at ensuring socio-economic
development. Thus, the level of gas supply infrastructure in the regions, the level of
gasification, the level of industrialization, the creation and development of infrastruc-
ture in existing industrial zones, as well as the implementation of clusteringmeasures
were reviewed and determined that in 2019, 46 enterprises were registered as resi-
dents and more than 8,000 permanent jobs have been created. At the same time,
during the 4th stage of the industrial revolution, the implementation of innovations
in the field of ICT in Azerbaijan, the creation of new opportunities for sustainable
development of the country as a result of digitalization and the formation of a digital
economy were introduced.
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1 Introduction

Effective integration into the world economic system depends on the implementa-
tion of effective economic reforms that ensure the sustainable development of each
country and the Development Strategies, State Programs, Action Plans that are part
of it. The study of the experience of developed countries in this area shows that coun-
tries that develop Development Strategies in line with modern requirements, ensure
its implementation and carry out appropriate reforms in stages, achieve sustain-
able development. Azerbaijan is also developing and implementing new reforms in
priority areas of the economy and the strategies that condition these reforms.

2 Main Part

2.1 Purpose of the Article

Thus, as a result of the economic policy pursued in Azerbaijan over the past 15 years,
necessary measures to diversify the economy, ensure dynamic and sustainable devel-
opment of the non-oil sector, accelerate the development of competitive industries in
all areas during the implementation of Azerbaijan’s Strategic Road Map 2016–2020
The goal is to ensure the sustainable development of the national economy until
2025 and to strengthen its competitiveness during this period. At the same time, the
main goal for the period up to 2025 is to improve social welfare and build a strong
competitive and inclusive economy based on development of high technology and the
economy most optimal and suitable structure, which will ensure the highest human
index. To this end, the country continues to implement measures covering all sectors
of the economy in accordance with the above-mentioned development concepts in
order to achieve sustainable development of the economyand, consequently, to ensure
the production of competitive products. As a result, the implementation of targeted
measures to diversify the economy in our country has accelerated the development of
the non-oil sector in recent years. The measures taken to liberalize the business envi-
ronment in the country have been of particular importance in ensuring the sustainable
development of these sectors.With the aim to achieve the objectives and goals set out
in the Strategic Roadmap for the national economy and its 11 economic sectors, the
priority of measures to ensure economic reforms in the country should be identified
in stages, evaluated and their implementation in a logical sequence [1, 5, 12].

2.2 Research Methodology

Systematic conceptual approach and analytical generalization methods were used
in the research process. The research database consists of the materials of the
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State Statistics Committee of the Republic of Azerbaijan, the Ministry of Economy
of the Republic of Azerbaijan, the scientific-practical journal of Construction
Economics and Management and the International Scientific Conference—Infras-
tructure Support of Diversified Economy.

2.3 Results, Discussions

Reforms and development strategies in Azerbaijan are the basis for sustainable
development. The economic policy developed and implemented under the leader-
ship of President Ilham Aliyev is a guarantee for achieving the above-mentioned
goals and sustainable development of the country. It should be pointed out that
these goals achievement is possible due to implementation of measures aimed at
accelerating the development of the non-oil sector, diversification of the economy,
sustainable and balanced socio-economic development of the regions within the
general, sectoral and regional development programs adopted in the country, which
has special significance.

For this purpose, one of the priority directions envisaged in the four state programs
designed to promote socio-economic development of the Republic of Azerbaijan
regions for 2004–2023 is the implementation of measures for the reconstruction and
development of energy infrastructure in the country’s regions is made. As a result
of these measures, 56.2 thousand km of gas pipelines have been laid and repaired in
the regions over the past 15 years, more than 1,800 settlements have been supplied
with natural gas and the level of gasification in the regions has increased from 41 to
93.2% [3].

Analysis of the final report for 2019 of the fourth program on socio-economic
development of the regions covering 2019–2023, including the state programs that
play an important role in the implementation of economic reforms, development
strategies and their implementation, shows that during this period the country 61
settlements and 37 new housing estates were gasified, as a result, 15,338 subscribers
were provided with natural gas and the total level of gasification in the country
reached 96%. The analysis of the mentioned state program shows that the newly
laid or overhauled gas pipelines were 1376.7 and 487.7 km, respectively, and these
measures were effectively implemented in the economic regions. Thus, 128.7 and
84.4 km of newly built and overhauled gas pipelines in Baku, respectively; Absheron
90, 28.58 km; Ganja-Qatar—342.57, 104.32 km; Sheki-Zagatala—84.24, 15.15,
9.99 km; Lankaran—60.32, 59.97 km;Guba-Khachmaz—281.37, 33.19 km;Aran—
395.8, 109.3 km; Upper Karabakh—0.2.29 km; Mountainous Shirvan—143.61,
55.81 km and in the last 15 years more than 1800 settlements have been supplied
with natural gas. Coincidently, special attention is given to the industrialization and
non-oil industry development, which is an integral part of the policy of economic
diversification in Azerbaijan. For this purpose, the “State Program for the Devel-
opment of Industry in the Republic of Azerbaijan for 2015–2020” was developed
and currently the implementation of this program has ensured the creation of new
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value-added industries, raised the level of self-sufficiency in many industrial prod-
ucts. in turn, has a significant impact on the emergence of sustainable development
in the country [2, 8, 9]. To this end, to ensure the diversified development of the
country’s industrial sector in 2019, support the creation of new processing industries,
production of export-oriented and import-substituting competitive science-intensive
products, application of innovative technologies, creation of modern infrastructure
in existing industrial zones, appropriate measures are also being taken to support
clustering and the efficient operation of industrial enterprises. Implementation of
these measures is considered as one of the main objectives of the Public Invest-
ment Program, but at the same time sustainable and balanced development of the
country’s economy, especially the non-oil sector, regional development, ensuring
economic security, systematic and effective implementation of investment projects
aimed at environmental protection, is one of the main goals of the program. Invest-
ment programs are prepared in accordance with the goals and directions of socio-
economic development of the country. Thus, in preparing the investment program for
2019, in accordance with the country’s socio-economic development of, the devel-
opment of infrastructure and ensuring their sustainable use, stimulating investment
in the non-oil sector and regional development, optimal distribution of investment
between regions, implementation of investment priorities in social spheres directed.

At the same time, the study of the above report shows that in 2019, the implemen-
tation of measures in various sectors of industry continued. One of the mechanisms
aimed at industrial development is the creation of industrial parks and industrial
districts, as this year 46 enterprises were registered as residents. started production
and as a result, more than 8,000 permanent jobs were created.

One of the main goals of economic reforms in the country is to create a modern
infrastructure in the economy. The study of implementation of the above-mentioned
development strategy, state programs in the field shows that the infrastructure of
the country’s economy is constantly modernized, advanced modern infrastructure is
created. During the fourth stage of the industrial revolution, our country’s favorable
geographical location, rich use of rich natural and human resources creates new
opportunities for sustainable development of the country as a result of international
ICT innovations, digitalization and the formation of the digital economy [4, 6, 7, 10].
In addition, the “Strategic Roadmap for the National Economy and Key Sectors of
the Economy” prepared on the basis of an in-depth analysis of the current economic
situation and approved by the Presidential Decree on December 6, 2016 are the main
objectives of the Strategic Plan to ensure the sustainability of economic reforms
in the country. As a result of reforms in these areas, Azerbaijan has undergone
rapid and dynamic development in recent years in terms of economic reforms, and
its achievements are highly valued by international organizations and international
financial institutions.

Meanwhile, it should be considered that the study of reports on the work carried
out and currently carried out under various state programs aimed at socio-economic
development shows that the measures envisaged in the development and manage-
ment of the country’s economy. The activities of the sectors are also of particular
interest. Therefore, regular reports should be reviewed to assess the level of activity
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of the private sector within the programs and its coordination with other institu-
tions, and relevant proposals and recommendations should be prepared to improve
public-private partnership. Coordinated activities of the public and private sectors
in the implementation of measures envisaged in the state programs to ensure the
achievement of the goals set for the development of sectors in the Strategic Roadmap
to ensure the diversified development of the country’s economy, which ultimately
forms the basis for a strong economy. These areas of activity play an important role
in attracting local and foreign investment, modern technologies and the effective
use of modern management practices to create enterprises that produce competitive
products and ensure their production of competitive products in accordance with
international standards. It should be noted that the sectoral programs and four state
programs for 2004–2023, aimed at developing the infrastructure of the economy
of the country’s regions, provide for a wide range of measures, which determine
the areas of activity of the sectors. In order to achieve the above-mentioned goals,
the state programs prioritize the implementation of measures to improve the infras-
tructure of the country’s non-oil sector by ensuring the interaction of public and
private sectors, ensuring rapid development of entrepreneurship, stimulating export-
oriented production, increasing employment. They are aimed, among other factors,
at the development of the country’s economy and the acceleration of its effective
integration into the world economic system. In all four programs aimed at socio-
economic development of the regions, measures are being implemented in stages in
the field of infrastructure, roads and transport, electricity, gas and heat supply, which
are important in improving the infrastructure of the economy of economic regions. In
our opinion, the role of coordinating the activities of both public and private sectors
within the limits of the programs in achieving the goals set out in the 11 roadmaps
developed in the Strategic Roadmap for 12 sectors should be regularly assessed, and
improvements should be made at each subsequent stage.

It should be noted that the ongoing reforms and state programs, develop-
ment concepts, strategies and plans implemented in Azerbaijan and the sustain-
able economic development achieved and strengthened as a result of comprehen-
sive measures to ensure macroeconomic stability in the country is highly valued by
international economic and financial organizations. Necessary decisions have been
made to diversify the economy in Azerbaijan, ensure the development of the non-oil
sector, stimulate the production of competitive production, improve the investment
and business environment, constantly improve the regulatory environment of the
business environment to modern standards, support the private sector. The annual
improvement in the results of sustainable reforms aimed at the formation, implemen-
tation and improvement of the business environment is constantly reflected in the
reports of international financial institutions [10–12].

In the “Global Competitiveness 2017–2018” report published by the World
Economic Forum, the Azerbaijani economy has moved up two places in terms of
competitiveness, ranking 35th among 137 countries, and first in the CIS since 2009.
In recent years, Azerbaijan results in reports prepared by theWorld Economic Forum
are constantly improving. Thus, according to the “Global Competitiveness” reports,
our country hasmoved up 34 places—from 69th place among 117 economies in 2005
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to 35th place among 137 economies in 2017. As a result of these indicators, Azer-
baijan has left behind a number of G-20 member states. Thus, in the Global Compet-
itiveness Report 2017–2018, Indonesia, which is a member of the G-20, ranks 36th,
the Russian Federation 38th, India 40th, Italy 43rd, Mexico 51st and Turkey 53rd,
South Africa is 61st, Brazil is 80th and Argentina is 92nd. According to the Global
Competitiveness Index, Azerbaijan ranks higher than the neighboring countries as
the most competitive economy in the region, but in the report, the countries of the
region, Georgia, rank 67th, and Armenia 73rd (Fig. 1).

The “Global Competitiveness Report 2018/2019” lists Azerbaijan as the country
with the highest level of social equality in the world. According to the level of
electricity supply to the population, Azerbaijan has risen to the first place in the
world with a maximum score of 100%. According to the report, Azerbaijan ranks
31st among 140 countries in the ranking of business dynamics (Fig. 2).

Reforms implemented in the country under the leadership of President Ilham
Aliyev within the framework of state programs, development concepts, strategic
development plans have ensured that Azerbaijan has achieved new records in the
overall ranking in the “Doing Business 2019” report, and its position on most indi-
cators has risen. In the “Doing Business 2019” report which was published by the
World Bank and the International Finance Corporation, our country was included

Fig. 1 Azerbaijan international rankings

Fig. 2 The results of reforms in Azerbaijan
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in the list of the 10 most reformist countries in the world and declared the most
reforming country in the world.

In the “Doing Business 2020” report, the continuous implementation of reforms
in the above-mentioned areas in our country was assessed with 78.5 points, and
Azerbaijan rose from 34 to 28th place among 191 countries. As a result of the
progress made in this position, our country has again been assessed by the World
Bank as “one of the 10 most reformist countries in the world.”

Thus, it should be noted that these assessments of the International Financial
Institutions are a real result of sustainable reforms implemented in Azerbaijan in
recent years in the framework of the above Development Strategies, State Programs,
Strategic Plans.

2.4 Results

We believe that the measures taken as a result of the carried-out reforms in the
country and implemented development strategies will allow to achieve the following
organizational, managerial and socio-economic advantages:

– Ensures the diversified development of the country’s industrial sector;
– Ensures sustainable development and competitiveness in the industrial sector
– Ensures the implementation of targeted projects in the non-oil sector
– Allows wide application of innovative technologies
– Creates conditions for the creation of modern infrastructure in industrial zones,

as well as to support the effective operation of clustering
– Ensures sustainable and consistent implementation of investment projects in the

field of environmental protection;
– Development of business environment, creation of business incubators will

stimulate the development of economic regions of the country;
– Sustainable economic reforms implemented within the framework of state

programs, development strategies and concepts have resulted in ensuring macroe-
conomic stability;

– The state regulation of entrepreneurial activity, the application of advanced
methods in reforms is highly valued by the World Financial Institutions, which
allows us to assess it as a real result of the regular and sustainable implementation
of reforms in Azerbaijan.

2.5 Practical Importance

The results obtained from this research can be used while preparing of Strategic
Development Plans of relevant organizations and institutions.
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3 Conclusions

The study shows that the reforms implemented in various sectors of the economy of
Azerbaijan form the solid basis for sustainable development.
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The Role of Financial and Investment
Potential in Achieving Economical
Equilibrium in Construction

Inna Miniailenko , Volodymyr Byba , Elshad Yusifov ,
and Anna Pavelieva

Abstract The article considers the categories of “equilibrium” and its main types,
“economical equilibrium”, equilibrium macroeconomic models. It is proved that
equilibrium can be achieved through economy crises, which serve as specific tool
for rebalancing and overcoming disequilibrium.

There have been formed the main directions of the state economic policy for over-
coming system contradictions of economic destabilization in Ukraine. The article
stresses the key role of construction in creating economical equilibrium and iden-
tifies the ways to build Ukraine’s development potential. The authors of the article
have analyzed indicators of construction development of Ukraine, determined the
main tendencies of changes and carried out modeling of the equilibrium position of
the Ukrainian construction industry. The author’s approach to modeling the coeffi-
cient of economic equilibrium in construction has been worked out in this scientific
study.

Keywords Equilibrium · Economical equilibrium · Principles · Construction ·
Investments · Potential

1 Introduction

The problem of using the existing potential is closely related to the most important
aspect of the economic performance—achieving economical equilibrium, which is
a strategic goal of national development.

It is common knowledge that the economy of any country develops cyclically,
there are periodic fluctuations in economic and business activities. Economic growth
is replaced by a sharp drop in gross domestic product (the GDP), economic upturn
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is occasionally punctuated with the crisis and recession. Such changes are common
to each state, with the same consecution and regularity. But it should be noted that in
different countries, the growth and crisis cycles (or economic cycles or boom-bust
cycles) differ in regularity, duration and causes of occurrence.

For a long time, macroeconomic has paid attention to the study of business cycles
of the economy upon certain statistical factors, but it did not take into account the
problem of economical equilibrium.

The general equilibrium theory is the basis of scientific research of manyWestern
European scientists. The founder of the importance of economical equilibrium and its
relationship to crises isKarlMarx,who formulated the ultimate principle according to
which economic slowdowns are considered as departures from equilibrium position.
The fundamental premise of this study is the fact that the constant tendency of
certain industries or economic activities to equilibrium is the reaction to its constant
violation.

But before proceeding to the methodological study of this category, it is necessary
to analyze the very concept of equilibriumand to determine its types and classification
features.

Thus, according to the economic encyclopedia, equilibrium is physical system
state in which its characteristics do not change over time [1]. Despite the fact that
equilibrium is a constant, there are statistical and dynamical equilibrium.

Statistical equilibrium is peculiar to the systems in which the particle motion
ceases. Dynamic equilibrium is characterized by the motion of the system at certain
constant characteristics.

The state of equilibrium is characteristic of any science. Let us consider its certain
types and determine their defining characteristics (Table 1) [1].

According to the considered types of equilibrium, it becomespossible to determine
their main characteristic, namely the constancy of values and a certain balance that
ensures their proper functioning. But the question arises as to whether the constancy
of certain indicators is good for the economy or it implies the state of stagnation,
depression that is setback in production.

2 Main Body

Economical equilibrium is the state of the economic system in which the propor-
tions in the national economy provide the best possible reconcilement of objectives
of economic development and available resources, supply and demand, commodity
and cash flows, accumulation and consumption, savings and accumulation and other
elements and indicators of the system, and as a result—no economic crises. The two
sides of economical equilibrium are the action of the forces of equilibrium and dise-
quilibrium, in the process of which equilibrium is ensured through disequilibrium.
This means that equilibrium is optimal dynamic imbalance which plays both positive
and negative roles in the economy.
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Table 1 Types of equilibrium

Types The content

1. Chemical equilibrium It is the state in which the chemical reaction proceeds
at the same rate as the counter reaction, resulting in
no change in the amount of each component

2. Thermodynamic equilibrium It is the system condition in which its internal
processes do not lead to changes in macroscopic
parameters, in particular, such as pressure

3. Thermal balance It is the condition of material objects that are in
thermal contact, characterized by complete absence
of heat exchange between them, which clearly means
the equality of their temperatures

4. Mechanical equilibrium It is the state of a body at rest or moving uniformly, in
which the sum of forces and moments acting on the
body equals to zero

5. Biological equilibrium It is the balance of people and animals

6. Ecological equilibrium This is the relative balance of stability of the species
composition of living organisms, their number and
productivity, spatial distribution, seasonal changes,
biotic circuit of substance and other biological
processes in natural or man-made ecological systems

7. Economical equilibrium It is the situation in which all factors influencing the
economy fully balance each other in such a way that
the variable does not change as a result

8. Nash equilibrium in the game theory It is the optimal policy for all game players aimed to
ensure that no player will make a profit by changing
his/her strategy until everyone else changes his/her
strategies

9. Market equilibrium It is the market situation in which the quantity of
supply is equal to the quantity of demand

The disequilibrium arises objectively due to the continuous development of STP
(scientific-technological progress), due to differences in time, in quantitative, quali-
tative and structural aspects of certain macroeconomic indicators. The accumulation
of disequilibrium forces leads the economy to stress and crisis. At the same time,
disequilibrium is necessary because it means that the economy is not overloaded or
stretched to the limit, but there are still reserves for manoeuvres and restructuring of
the economy.

The disequilibrium increases during the uncertainty period in the economy, due
to foolish economic policy or the wrong socio-economic course.

Forms of economical equilibrium are the presence of optimal correspondence
between the interests of economic subjects (economic entities), on the one hand, and
unbalanced development (milk-bar economy), disagreement, strife—on the other
hand.

There are statistical and dynamical, partial and complete, microeconomic and
macroeconomic equilibrium, and so on.
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Partial equilibrium is quantitative and qualitative correspondence of two related
parties of the economy (for example, correspondence of production and consump-
tion), general equilibrium is concerted, planned and proportional development of all
areas, economic realms, markets and branches of economy and so on.

The condition of partial equilibrium is equilibrium in individual markets, while
the condition of general equilibrium is equilibrium in all markets. When there exists
a market self-equilibrating apparatus, state and supranational regulation, its equi-
librium is achieved mainly through the mechanism of price fluctuations, and the
equilibrium of the whole economic system is achieved primarily due to state and
supranational regulation, which involves the use of price mechanism.

The conditions of partial equilibrium were studied by A. Marshall, market equi-
librium in conditions of imperfect competition was studied by J. Robinson and E.
Chamberlin, general economic equilibrium was examined by L. Walras.

In general, the dialectical method of research contradicts the general equilibrium
theory, as it lays emphasis on the action of the law of the unity and struggle of oppo-
sites in the process of development, within which the unity of the two sides of the
contradiction in numerical terms is relative (as it is carried out through modifications
of quantity within single quality, without violating the measure, that is without a
leap), while in qualitative terms the unity of the two sides of the contradiction and
the struggle of opposites occur through mutual transition from quantity to quality,
qualitative transformations within the single entity, through the formation of a new
quantitative force of development through new quality etc., that is through the oper-
ation of the law of quantitative and qualitative changes. The concept of “economical
equilibrium” largely coincides with the concept of “economic optimum”.

There is a sound approach to the definition of equilibriumas a balanced andpropor-
tional economy: aggregate demand and aggregate supply, aggregate production and
aggregate consumption. It is possible to achieve macroeconomic equilibrium, but
only temporarily, as it is of dynamic nature and operates more on the principle of
“equilibrium-disequilibrium”. However, it is of interest for society that departures
from equilibriums be minimal and short-dated. Therefore, the society arrived at
the conclusion that it is necessary to regulate macroeconomic equilibrium in the
process of implementing appropriate economic policy. To assess such equilibrium,
it is recommended to use the final figures of macroeconomic development: the gross
domestic product (the GDP).

The general macroeconomic equilibrium is sustainable development of all
economic realms, concurrent compliance with the market as a whole.

Macroeconomic equilibrium presupposes the achievement of proportionality as
expediency, orderliness and conformity of reproducible relations, parties and phases.
In this case, local, individual proportions are interconnected, they complement each
other and motivate equilibrium or balanced development of the entire economic
system.

There is a close relationship between equilibrium, proportionality and robust-
ness. If equilibrium is the desired goal of macroeconomic development, then propor-
tionality and robustness are the elements of the mechanism used for achieving it.
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Ignoring any of these concepts always leads to one-sided results, to contradictions
and imbalances of economy and social life.

The following prerequisites are required for the general economic equilibrium:

– compliance of aggregate demand with aggregate supply in all types of market
(merchandise market, labor market, capital market);

– efficient use of all economic resources, which means the absence of large scale
unemployment, high inflation rate, non-distributed stocks and their deficit;

– compliance of the national agenda with the existing economic opportunities;
– reconciliation of production and consumption with the orientation of their

development in the interest of consumers;
– compliance of income with expenses.

The research of the problems of economical equilibrium, creation of concepts,
theories, models has lasted for already two centuries.

There are the following models of economical equilibrium (Table 2) [2].
The theory of general equilibriumalso promotes the research of economicwelfare.

That is, any departure from the equilibrium state, which occurred under the influence
of both external and internal factors, involves the forces that tend to equilibrium.

As noted, the achievement of equilibrium position is carried out through economic
crises, which are a specific tool for overcoming imbalances of economy and
restoration of equilibrium.

If one looks at the crisis impartially, it will become clear that the crisis is as
necessary for a developing system as the stable state. The crisis should be seen as
a defining moment in the development of the system, which gives more space for a
new round of economic changes.

A crisis is the critical stage in the functioning of any system, when it falls under
the influence from the outside or inside, which requires a qualitatively new response
from the system. The main feature of the crisis is that it threatens to destroy the
system (partially or completely) [3].

The crisis is one of the forms of economic development, during which there
appears space for the growth and establishment of something new, and out-of-fashion
machinery and technologies, setup for production and job arrangement are eliminated
[4]. Simultaneously with overcoming the obsolete, there is inevitably a setback in
production, rise in unemployment, decline in personal income, which negatively
affects people’s living conditions.

Ukraine, as an independent state for more than thirteen years of its history, has
been in various crises. The country has already weathered one debt crisis in 1998–
1999 and, starting in the second half of 2008, another financial and economic crisis,
accompanied by a fall of living standards as a result of severe economic free fall.

Considering current crisis developments in Ukraine, we can identify such key
factors as the bank crisis, incoherent fiscal and monetary policy of the state, as
well as the political situation in the country. The basis for the growth of macro-
financial unsteadiness in Ukraine was primarily the implemented ill-considered
economic policy, which did not serve the strategic objectives and opportunities for
the development of the national economy [5].
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Table 2 The models of macroeconomical equilibrium

Models Representatives Principle

1. The classical model François Quesnay (1694–1774),
Jean-Baptiste Say (1767–1832)

François Quesnay in his work
“Tableau économique” (1758)
made the first attempt to create
a model of equilibrium in the
form of schematic
representation of the process of
reproduction on a simple scale
and circulation of gross national
product, and its implementation
between representatives of three
classes: manufacturing one,
land holders and industrialists.
He substantiated the concept
proceeding from the
development of the economy on
the basis of laissez-faire,
spontaneous market pricing,
equivalence of trading-off and
governmental non-interference
with business
In his “A Treatise on Political
Economy” (1803), J. B. Say
created the model of
economical equilibrium
“demand is supply”. According
to this model, the production of
goods and their supply
(merchandise offering) create
their own demand. Under these
conditions, supply and demand
in the economy are always
balanced, and imbalances in the
form of commodity deficiency
or production overage are
impossible

(continued)
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Table 2 (continued)

Models Representatives Principle

2. Marxian economic
model

Karl Marx (1818–1883) The creation of a Marxian
model of macroeconomical
equilibrium is associated with
the research of Karl Marx
(1818–1883), who in the second
volume of “Capital: The
Process of Circulation of
Capital” substantiated the
general conditions for the
proportional development of
reproduction on a simple scale
and extended reproduction,
explained the essence of
reproduction of productive
forces and production relations,
and all its phases: production,
distribution, trading-off and
consumption. When the
conditions of proportionality
are violated, disproportion and
imbalance arise

3. Neoclassical model Marie-Esprit-Léon Walras
(1834–1910)

Leon Walras developed a model
of general economical
equilibrium, which shows how
market-driven economy ensures
equality between aggregate
demand and aggregate supply.
According to the “Walras law”,
economic agents have no receipt
of funds from abroad, as well as
no “put-up demand”. Therefore,
when at constant prices supply
and demand coincide in all
markets, then supply and
demand automatically coincide
even in the single market due to
budgetary restrictions of
economic agents. L. Walras
showed that the balance of
households and consumer
goods markets is congruent
with the balance of firms and
production factors

(continued)
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Table 2 (continued)

Models Representatives Principle

4. Keynesian model John Maynard Keynes
(1883–1946)

The Keynesian model of
general equilibrium is based on
the priority of aggregate
demand, on the regulatory role
of the quantity traded and on the
ability to ensure equilibrium in
the presence of unemployment,
inflation or setback in
production. The state must
pursue an active policy of
expansion, influencing the level
of aggregate demand by cutting
taxes, increasing government
spendings and interest rate
reduction. J. M. Keynes
discovered the income
multiplier effect—when the
overall rise in national income
exceeds government
expenditures for the
encouragement of aggregate
demand, which leads to
expansion of production volume
and higher level of employment

5. The monetarist model Milton Friedman
(mid-twentieth century)

The founder of modern
monetary economics proposed
to take into account in the
model of equilibrium instead of
the state policy of expansion the
policy of restricting the
personal income, the level of
aggregate demand, monetary
benefits to the population,
government spendings, money
supply growth. At the same
time, there may be rise in
unemployment and decline in
inflation. In such state of the
economy, the state must pursue
a policy of deregulation, that is
giving greater freedom to
develop exchange relations
(market relations)
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Thus, based on the above, we can say that the basis of economic destabilization
in Ukraine were the following long-term system contradictions:

a) excessive customer share and insufficient profit accumulation under the condi-
tions of underdeveloped internal market, which led to the need to cover surplus
of domestic demand due to proactive import growth, and thus to a steady
decrease in balance of foreign trade and risks of currency destabilization;

b) institutional underdevelopment of the financial system and tightness of refi-
nancing mechanisms of the banking system, which led to the active entry of
commercial banks into outer loan facilities markets, where the use of consumer
credits focused primarily on the purchase of foreign ware and on the mortgage
fraction of market;

c) unfavorable conditions for long-term investing, which led to the predominant
investment attractiveness of the sectors with high volume of transactions and the
quickest return of capital, priority rates of investment in the sectors that redis-
tribute the national output (the output aggregate), over manufacturing invest-
ment, which increased the risks of instability, inflation and failing financial
health;

d) the concentration of export specialization of Ukraine on a small number of
family groups of goods with the growth of economic publicity, which formed
high dependence of economic dynamics and financial position on overseas
markets [5].

The considered contradictions are shown in Fig. 1.
In recent years, not only have there been no systematic actions to overcome these

contradictions, but also a number of miscalculations in economic policy have been
made, due to the orientation of economic policy to gain the loyalty with the voters
under the conditions of accelerated repetition of the political cycle and negligence
of the development and structural modernization goals:

– the high level of fiscal exaction of resources for consumption needs was
maintained;

– there was a delay in the introduction of effective measures for the regulation of
external borrowings of the national economic agent market participants;

– decisions on the ways of effective spending of surplus fiscal revenues over the
planned ones were not made in time, so a significant part of funds in the single
treasury account was frozen, which led to current demonetization of the economy
during the formation of risky inflationary “money overhang”.

The growing political crisis was another active negative factor that contributed
to destabilization of the economic situation. While the manifestations of the crisis
required prompt coordinated professional decisions of the branches of government,
the political crisis reduced the efficiency of the latter, increased the pessimism of
market participants in assessing the prospects of crisis phenomena development,
disorganized their actions in the framework of antirecession policy (turnaround
programme), increased inflation expectations, led to further decline in investment
attractiveness of the economy.
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System contradictions of economic destabilization

The contradiction between overconsumption and underproduc-
tion in the domestic market 

The entry of commercial banks into outer loan facilities markets 

Predominant investment into the sectors with high volume of 
transactions rather than into production 

Ukraine’s export niche specialism 

Fig. 1 System contradictions of economic destabilization in Ukraine

Thus, it can be said that intensification of the internal political crisis in Ukraine
caused marked aggravation of structural maladjustments in the national economy,
exposed to the light of the day the incapacity of the economic growth model, which
had been established in the previous years [5].

That is, the antirecession policy of any state must be implemented at three levels:

a) maintaining the competitiveness of the key economic realms;
b) prevention and avoidance of crises in economically and socially significant

areas;
c) reduction of the negative outcomes of business failures, the fullest satisfaction

of the interests of their employees and creditors [6].

Sustainable economic development, economic growth should be the main goal
of anti-cyclical measures. In view of this, anti-cyclical measures should be assumed
taking into account the country’s economic development strategies. Based on this,
according to our reckoning, approaches to anti-cyclical measures for the economy
should be focused not only on overcoming the effects of the crisis, but, above all,
on ensuring transformational changes in the economy and on overcoming structural
maladjustments.

In international practice, the development of construction infrastructure projects
is considered as an important stimulator of economic activity. In particular, new
construction infrastructure projects provide for the modernization of transport
infrastructure, power industry, including alternative sources of energy.
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Thus, in the United States, The American Recovery and Reinvestment Act of
2009 (Recovery Act) was signed in order to overcome the financial crisis of 2008
and to provide two-year funding of construction, maintenance and modernization
of schools and hospitals, environmental projects, health information technologies,
construction and reconstruction of roads and bridges, projects aimed at landscape
gardening of America, investment in rail transit, energy efficiency of public buildings
at the federal, state and local levels.

Two bailout and stimulus packages were adopted in Germany. They provide addi-
tional financing for community infrastructure projects, performance improvement
programs, innovative and investment programs in the transport sector.

The government of the Republic of China has provided priority support for
such industries as construction, transport (control augmentation, service safety, staff
training and preparation of information systems), energetics (performance improve-
ment of power stations and nuclear power plants, technologies for remote electricity
supply of objects), fuel energy industry, and infrastructure development of the areas
affected by earthquakes.

The material and technical basis for overcoming all types of crises and passing
cycles is overcoming structural maladjustments in the economy; as well as academic
and technological improvement of production, its transition to a new stage of
progress, so these are the determinative factors for both overcoming the crisis and
reaching the forefront of economic and social development.

The nature of the crisis determines not somuch the support of industries and enter-
prises with obsolete technologies, as the advanced search, justification of upcoming
sectors and industries that meet the requirements and needs of innovative develop-
ment. The actual practice of many countries confirms that structural changes are
achieved through the priority development of industries that use high technologies
[7].

In the current crisis resolution, along with scientific and technological factors,
economic andfinancial resources are of great importance.Among them, undoubtedly,
one of the leading roles is played by the market (Fig. 2).

All this proves that crisis resolution is associated primarily with system-
atic interaction of public and private regulation and management of economical
equilibrium.

The article uses the concept of “equilibrium” and it is interpreted as a momentary
characteristic of individual systems and is considered to be the main concept in
determining the directions of the state’s economic advance as a whole.

The correctly chosen ratios of the components of the potential will allow to
determine, plan and forecast the main macroeconomic indicators.

Equilibrium of the economy as a system is such a statewhen the output of products
is formed in accordance with the supply-and-demand equilibrium, which operates at
the macrolevel.

The basic principles of the equilibrium of economics include:

– demand is balanced by supply;
– interrelation of commodity prices and factor prices (or input prices);
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The main directions of state economic policy 

1. Establishment of institutional environment for the development 
of fair competition between local goods producers and import mer-
chants. 

2. Improvement of the institutional and organizational, economic 
and business foundations of functioning of the internal market.  

3. Increasing the level of price and non-price competitiveness of 
final consumption domestic products. 

4. Improvement of the entrepreneurial climate in order to develop 
the internal market. 

5. Formation and development of internal markets for consumer 
goods of final consumption at the expense of domestic products with 
high qualitative characteristics.

Fig. 2 The main directions of state economic policy

– the existence of equilibrium prices, when demand is balanced by supply;
– consideration of equilibrium as a basis for studying economic growth and building

the system of intersectoral linkages.

Let us consider the author’s methodological approach to determining the econom-
ical equilibrium in construction. We have chosen this very area, because economic
recovery in the construction sector of the economy implies surmounting the crisis.

Construction is the economic activity cost line that plays a significant role in
creating conditions for local development and for the dynamic development of the
nation’s economy. The enterprises of Ukraine’s construction sector provide other
branches of the national economy with new capital funds and carry out construction
and installation works, render capital improvements, carry out repairs, technical
reequipment and maintenance of facilities in operation.

The dramatic economic environment in today’s Ukraine has had a negative impact
not only on the development of the country’s construction industry, but also on certain
industries.

The study [8] analyzed the state of the Hungarian construction industry, noted
its leading role in ensuring the economic development of the state. There have been
identified the causes of occurrence of crisis phenomena in this area, in particular,
insufficient provision with experienced labor forces and fluctuations in prices for
construction materials. The analysis of trends in the construction industry, which
suffered the most during the crisis of 2008, showed that in order to improve the
situation it is advisable to implement large-scale innovation and investment infras-
tructural construction projects in terms of public private partnership (public-private
collaboration).
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The research work [9], which indicates the impact factors influencing the level of
construction activity and the spheres of interaction between the state and the market,
is representative of the abovementioned theses on the importance of the development
of the construction industry for surmounting the crisis.

The potential for development of the construction industry and influence of
construction development potential on resource efficiency were also analyzed in
the research paper [10, 11], which showed that all the regions of China have certain
specific nature of capacity building in this area and identified their peculiarities and
differences.

Thegrowthof the construction industrywill cause the country’s economic advance
as a whole. Therefore, it is very important to assess the state of the construction
industry and development trends in Ukraine (Table 3).

The operating analysis of the indicators of construction enterprises in Ukraine
points to the growth of volume of construction products sold over the researched
period. The growth of key performance indicators in the construction sphere implies
the beginning of overcoming the economy crisis. Thus, cost effectiveness of operative
businesses in the construction field in 2019 amounted to 4.7%, which is 1.7% less
than in 2018. In 2010, this criterion was 1.5% and it indicates unprofitableness of
the industry, which had been growing until 2015 (Fig. 3).

Table 3 The analysis of construction development indicators in Ukraine for 2010–2019

Indicators Years

2010 2015 2017 2018 2019

Construction output of operative
businesses in construction fields, %

−1,5 −7,6 1,6 3 4,7

Financial result of construction,
UAH million

4418,2 −25,074,1 −3535,8 6433,9 16,106,5

The ratio of construction companies
that suffer damages, %

37,5 23,9 24,8 22,8 22,8

The construction output sold, UAH
million

101,991,1 150,540,5 236,497,2 308,805,9 362,772,2

The amount of man-power
employed in construction, K people

524 282,5 293,7 310,4 331,3

The ratio of employees in
construction companies, %

90,1 87,8 87,8 87,1 87,0

The ratio of employees in private
entities, %

9,9 12,2 12,2 12,9 13

Structure of construction output sold
according to types of enterprises, %:
- enterprises;
- private entities

100
94,8
5,8

100
94,9
5,1

100
93,6
6,4

100
93,7
6,3

100
93,3
6,7

Indices of construction output, %
against the previous year

94,6 87,5 126,4 108,6 123,6

The source compiled by the authors according to the State Statistics Committee of Ukraine.
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Fig. 3 Dynamics of cost effectiveness of construction operative businesses in Ukraine for 2010–
2019

It should be noted that in 2018–2019, only 22.8% of construction companiesmade
losses, and in 2010 37.5% of construction companies were unprofitable. It is also
important to note that the least profitable year for construction companies was 2010,
although, in general, the cost effectiveness (profitability) of the industry was 4.7%.

It is noteworthy that the share of the volume of products sold, belonging to enter-
prises and private entities (respective individuals), which work in construction, has
been increasing slightly.

The largest number of employed workers is at the enterprises, their share is about
87%. The ratio of employees in private entities (respective individuals) for the study
period increased from 9.9% in 2010 to 13% in 2019.

Construction companies are characterized by fluctuations in the index of construc-
tion output from 94.6% in 2010 to 123.6% in 2019 (Fig. 4).

Fig. 4 Indices of construction output in Ukraine for 2010–2019
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Table 4 The models of macroeconomical equilibrium

Construction output according to types 2010 2015 2016 2017 2018 2019

1. Buildings 45,6 50,3 51,7 50 47,3 46

1.1 residential buildings 16,1 24,2 243,4 22,5 20,8 18,3

1.2 non-residential (nondomestic) buildings 29,5 26,1 27,3 27,5 26,5 27,7

2. Engineering constructions 54,4 49,7 48,3 50 52,7 54

Total 100 100 100 100 100 100

It should be noted that for the studied period of 2010–2019, construction of engi-
neering structures has the largest share in the structure of construction output—about
54%. The decrease in the share of engineering structures is observed in 2015–2016,
which is due to the slowdown in economic development of Ukraine.

In order to predict the country’s economic crisis and to determine the optimal struc-
ture of the country’s economy, it is necessary to improve the method of determining
the equilibrium in any sector of the national economy.

Let us specificate the structure of construction output according to types (Table
4).

According to the above-mentioned principal features and parameters, we will
model the equilibrium position of Ukraine’s construction, taking into account the
equilibrium supply and demand for the sector of the national economy.

Let us illustrate the function by an example.Based on the data of the State Statistics
Committee of Ukraine, we define a strictly determined descriptive model of the
equilibrium state of the economy, using the following Keynesian demand function:

C = a + b ∗ Y, (1)

where C is the innovative demand, which in our case is equated to the nominal capital
(basic stock) in construction;

a—autonomous consumption, we take this value equal to the investment potential
(investment in construction);
Y—supply equal to Gross Domestic Product (GDP), which provides a type of
economic activity, including construction;
b—is the equilibrium coefficient that characterizes the relationship between
equilibrium production and demand.

Application of the descriptive approach in modeling is explained by the need
to empirically identify various dependencies in the economy, to find out statis-
tical regularities of economic behavior of indices, to study the probable evolution
of economic processes. Examples of descriptive models are production functions
(resource-production ratios), in particular the Cobb-Douglas function and the buying
interest function, that was used in this study.

When plotting the curve of resource-production ratio of the country’s economy,
Gross Domestic Product (GDP) according to types of economic activity is often
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taken for the value of annual output of products. Certain types of potential in value
terms are considered as resources. The above mentioned function is as follows:

P = a0P
a1
1 Pa2

2 , (2)

P1, P2—certain types of potential (ultimate potential resources, capital resources,
innovation potential, investment potential);
a0—coefficient of production function (resource-production ratio);
a1, a2—power indicators, a1 + a2 = 1.

The demand function in its dialectical nature is quite close to the produc-
tion function (resource-production ratio). The properties of production functions
(resource-production ratios) include the following characteristics:

– there is no production without input requirements;
– the output of products leaps with the growth of cost outcome of at least one

resource.

The demand functions of Fischer, Modigliani, Friedman, Keynes can be used in
scientific and practical work. Common to these functions is the existence of such
values as the size of public production, which is expressed through the production
function (resource-production ratio).

The demand function has the sameproperties as the production function (resource-
production ratio). Therefore, they are used simultaneously, in combination.

The authors have identified themethodology and have developed themethodology
for unlocking the existing potential, which provides economical equilibrium,with the
aim of ensuring the country’s sustainable development. The algorithm for achieving
the determined goal is shown in Fig. 5.

According to the developed method, the equilibrium coefficient (b) is determined
by the following formula:

b = (c−a)/Y, (3)

c—demand (nominal capital);
a—finance and investment potential;
Y—the volume of gross domestic product according to the types of economic
activity.

But this function requires certain limitations, without which it is impossible to
say that it will help to characterize the equilibrium of the economic system.

Firstly, all changes introduced into the functionmust bemeasured in actual prices,
bearing in mind that the equilibrium coefficient is a relative number. That is, the
impact of inflation factors will be neutralized. Thus, we can compare the obtained
indicators, analyze and predict their value for the future.

Secondly, we assume that the national economy is resilient and self-regulatory,
including the elements of state planning.
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1. Simulation of behavior of particuar 
economy sectors 

2. Identification of priority growth areas of 
economy that ensure economic advance 

Analytical 
 unit 

3. Calculation of the equilibrium of the 
economy in selected areas using the Keynesian 
demand function

4. Calculation of the ratio between the 
potentials required for economic growth 
through production functions (resource-
production ratios).

5. Development of a program to use the 
available capacity 

Recommendations on the 
volume of potential 

Determining the 
equilibrium of supply and 

demand 

Fig. 5 Algorithm for determining economical equilibrium for increasing the use of existing
potential for development

Thirdly, when determining the economical equilibrium of the construction
industry, it is necessary to take into account that construction itself is a crucial sector
in the structural and investment restructuring of the national and regional economy.
The authors of this work note that the result of modeling the economy of the state as
a whole was identification of the highest priority areas for its further development,
which will improve macroeconomic indicators, ease and overcome crises.

Our task is to find the equilibrium coefficient “b”. Therefore, using the method-
ological approaches mentioned above, we will calculate the equilibrium coefficients
of construction in Ukraine according to the data of State Statistics Committee of
Ukraine (Table 5).

During the period under study, there is an increase in financial and investment
potential and the result of functioning—gross domestic product. According to the
calculation of the equilibrium coefficient, it is necessary to state the fluctuations of
this indicator.

The dynamic study of the equilibrium coefficient value has been undertaken using
a graph that characterizes the quantitative and qualitative equilibrium position of the
permanent buildings and facilities construction industry (Fig. 6).
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Fig. 6 Dynamics of the equilibrium coefficient of construction in Ukraine for 2010–2019

Dynamics is characterized by business cycle fluctuations, which can be explained
by the general economic situation in the country. Thus, in particular, in 2012–2013we
observed an increase in the equilibrium coefficient, which can be explained by some
stability in the capital construction market. The 2013–2014 cycle is characterized
by a decrease in the equilibrium coefficient, which is the consequence of troubled
political circumstances and volatile economic environment in Ukraine, although this
value is still above average. However, a rather negative trend was observed in 2015,
then there was a gradual increase in 2016 and another decrease in 2017–2018.

2019 is a year of gradual capacity building of the country’s development potential.
But this ratio, judging by the cyclical nature observed in retrospective, may reduce
again, even without reaching the average level. Therefore, it is necessary to develop a
plan of anti-recessionary measures for the development of this industry. In particular,
the draft of the provision of the law “On Prevention of the Impact of the Crisis
on the Development of the Construction Industry and Residential Construction”,
aimed at supporting the construction industry, infrastructure projects, stimulation of
residential construction under recessional conditions and at enforcement of the rights
of the citizens, who need the state support.

3 Conclusion

The developed method of determining the economical equilibrium should be used
to predict the optimal structure of the region’s economy and the national economy
as a whole and the formation of priorities for sustainable development.

Further analysis should bemade, as mentioned above, using production functions,
the calculation methodology of which is expanded in the study [11–15]. This would
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enable identifying the optimal amount of financial and investment potential needed
to ensure immediate-action equilibrium and gradual economic growth.
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Economic and Mathematical Modeling
of Innovative Development of Enterprises
in the Construction Industry

Volodymyr Onyshchenko , Natalia Ichanska , Vitaliia Skryl ,
and Oksana Furmanchuk

Abstract The article is devoted to the issue of creating an economic and mathe-
matical model of innovative development of enterprises in the construction industry.
The analysis of economic and mathematical models carried out in the article allowed
to reveal the general patterns of application of these techniques in the construction
industry, to allocate their advantages and disadvantages. Analysis of the state of
the construction industry showed its inertia. However, the conservative construction
industry is undergoing radical changes. It was found that the innovative development
of the construction industry is not only a specific modern technology or new building
material, but also a fairly broad engineering organizational and legal implementa-
tion. Analysis of modern innovative developments in the construction industry has
identified the construction of energy-efficient houses. The paper considers in detail
two economic and mathematical models of innovative development of enterprises
in the construction industry. It has been established that functional models reflect
informational, physical and temporal construction processes. The use of a functional
model will help to invest wisely and take into account the interests of the customer,
investor, as well as the creditor. The balance model makes it possible to achieve
balanced conditions for innovative development of enterprises in the construction
industry.

Keywords Innovations · Innovative development · Investments · Economic and
mathematical models · Construction industry

1 Basic Concepts of Redistribution of Forces in Axial
Elements

Modeling, being a powerful tool for analyzing problematic situations in the
economics and substantiation of management decisions, traditionally attracts the
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attention of the leading expert scientists and practitioners. The analysis of the appli-
cation of economic andmathematicalmodels showed that their application is increas-
ingly penetrating the multilevel decision-making processes and they cover almost all
areas of economics, management and social life. Nowadays there is considerable
experience of creating economic and mathematical models of innovative develop-
ment of the enterprises in the construction industry in the international practice. Thus,
the works [1–3] note that Research and Development (R&D) is a substantial activity
in themodern economy of knowledge and therefore funding R&D activities is a chal-
lenging task for private and public institutions. The difficulty in evaluation of R&D
projects is mainly the inherent uncertainty that has to be dealt with. In addition, when
we have funding programs, various policy constraints for the allocation of fundsmust
be also taken into account. The authors [4–6] analyze existing mathematical models,
and in their turn propose new economic and mathematical models. The proposed
mathematical model for calculation of socio-economic benefits of the built heritage
is spatial technique enabling to capture the synergetic effects of co-existing heritage
objects using sum of scaled kernel functions that can be used in cost-benefit anal-
ysis in different contexts. Also, experts [7–11] note that it is innovative approaches
in any economic sector that can contribute to its development. Precisely because of
implementation of inovative start-ups it is possible to create and shape new industries
and generate considerable economic and societal impacts. Accordingly, a variety of
policy initiatives are aimed at promoting the establishment, growth and impact of
innovative start-ups. Designing such policies is a challenging task. The use of inno-
vative technologies in the construction industry is considered in works [12–21] and
it is believed that in the process of designing and solving problems related to engi-
neering, the ability to find innovative solutions is becoming more and more relevant.
Following this principle, engineers should acquire transversal competences through
such courses as Project Evaluation and Risk Management, in which they learn to
solve current problems through innovation.

The project evaluation supposes an approach to the real world, since an idea is
evaluated in the different phases of the logical cycle of a project, culminating with its
techno-economic analysis and investment. Following the analogy, engineers develop
and evaluate their ideas and present them to a group of professors and professionals
posing as investors.

The results present a holistic approach to the evaluation of ideas and the capacity
of a team to develop engineering projects. The study performs an assessmentmethod-
ology for an open-innovation concept, and the investor’s exercise may contribute to
practical strategies to foster creative engineers.

This actualized the need to develop an economic and mathematical model of
innovative development of enterprises in the construction industry.
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2 Effective Statically Indeterminate Reinforced-Concrete
Beams and Their Design Baselines

Nowadays models of economic processes and phenomena are very diverse. They
are closely correlated with the functions of cognition of phenomenological, explana-
tory, prognostic and normative science—and do not always require the use of a
strict formalized apparatus. At the initial stages of research, descriptive, conceptual,
logical-structural economic-mathematical models are usually formed, which can be
described at a qualitative level, in terms of the analyzed subject area. And this is not
their disadvantage. Qualitative economic and mathematical models allow to conduct
research using a specific language of the subject area and its meaningful interpre-
tations. Built on the basis of factual data, meaningful economic and mathematical
models determine the logic of a process or phenomenon and provide an opportunity
to conduct further analytical study based on certain hypotheses about their structural,
static and dynamic characteristics.

An undoubted priority of recent times should be the orientation of the economics
to innovative development. The application of economic andmathematical modeling
in various areas of innovative economy is schematically presented in Fig. 1.

Usually economic and mathematical modeling of the construction industry can
be used on three levels.

Economic and mathematical modeling

Patterns of 
innovative 

development

Clusters and 
innovative potential of 

the enterprise

Production systems

Innovative-
oriented integrated 

structures

Innovations in 
social processes

Uncertainty and risk 
in innovations

Creation and the use 
of intellectual property

Innovative projects

Fig. 1 Application areas of of economic andmathematical modeling in the innovative development
of the construction industry
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The first level is reduced to the formalization of certain economic concepts,
ie quantitative assessment of phenomena and processes that have not previ-
ously been subjected to economic descriptions. In particular, for the construc-
tion industry, we can present the following dependence of all components of the
economic-mathematical model:

C I =
n∑

1

bl. +
n∑

1

en.st., (1)

where CI- construction industry;
bl.—volume of buildings;
en.st.—volume of engineering structures.
Due to the economic and mathematical structures of the first level it becomes

possible to answer the question—how much?
The second level of economic-mathematical modeling makes it possible to reveal

the existing connections and dependencies in the processes that take place, and
helps to answer the question—what are the relationships? Usually economic and
mathematical models of the second level are functional (i.e. have a linear relationship
y = C + kX ) and correlation (characterizes the types of communication that do not
have a functional relationship y = f (x1, x2, . . . , xn).

The third level of economic and mathematical modeling is associated with
deductive (imaginary) construction of the model, which reflects the essence of the
phenomena and processes that occur in a particular system under study, and allows
you to answer the question—what is the reason?

It is worth noting that the three levels of economic and mathematical modeling
correspond to a significant number of mathematical methods that can be used in
the practice of innovative development in the construction industry. In general, the
models that can be used to study the innovative development in the construction
industry can be divided into two groups. The firstmodel includes econometricmodels
(functional, algorithmic, simulation, theoretical, empirical, probabilistic), the second
model—the balance ones.

To apply the economic-mathematical model of the construction industry, it is
necessary to determine its condition. Thus, a critical problem of the construction
industry is its conservatism and sluggishness in the introduction and distribution
of new technologies. This is intrinsic not only of Ukrainian enterprises, but also to
the world construction companies. The construction industry is one of the last in
the ranking of innovation and investment active industries of the leading economic
states. In the special literature construction has been labeled as “laggard industry”
for a long time. The main argument that confirms the fairness of this character-
istic is that many studies refer to the extremely low share of the R&D component
(research and development) in the overall cost structure of construction companies.
For example, according to the US Department of Energy in the US, construction
companies invest 0.3–0.4%of total sales in innovative development,while on average
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in other industries only 3–4% are deducted for this purpose. Similar ratings exist in
most construction companies in Western Europe.

This characteristic doesn’t fully reflect the real innovative picture in the construc-
tion industry. Thus, it is necessary to make a significant correction to the fact that a
significant part of new technological developments implemented in the construction
industry, comes there from other industries—metallurgy, forestry and woodworking,
chemical industries and so on.

However, even with this necessary adjustment, the general assessment of the
construction industry, as one that is not particularly innovative, seems quite objec-
tive. The inertia of the construction industry is determined by several factors. First of
all, it is a long-term operation of buildings and constructions, during which the defi-
ciencies of the applied technologymay appear. Therefore, the construction industry is
extremely careful in choosing new materials, technologies or construction methods.
The second reason of conservatism is a great builders’ responsibility for the result,
because the use of inappropriate technology or design errors can pose an immediate
danger to the lives of a considerable number of people.

However, due to a number of factors, the situation has changed significantly
over the last decade. The conservative construction industry is likely to be forced
to abandon its well-established traditions and make a series of radical changes. For
example, the rapid introduction of building information modeling (BIM) techniques
in all key stages of the construction cycle and other advanced IT technologies has
already significantly changed the face of the industry.

The lack of innovation in the construction industry is due to a lower level of
globalization than in industry. For this reason, innovation in the construction industry
in all developed countries is also carried out mainly by large enterprises, construction
holdings, and networks.

Also at the centre of attention of the innovative development of the construction
industry is the issue of the possibility of reducing costs. During developing an invest-
ment project in the construction industry from the conception to the operational stage,
three main stages of implementation must be taken into account: pre-investment,
investment and operational. Each of these steps, in turn, are divided into stages,
the implementation of which must take into account activities such as counselling,
design and production. In the pre-investment stage, several activities are carried out
that will partly influence the next, investment phase. Once the investment opportunity
studies have been completed and the viability of the project has been determined,
the investment and planning and execution phases are followed.

Under these conditions, more attention is paid to the final evaluation of the busi-
ness project and the investment period as the most expensive. In order to reduce the
cost of limited resources, it is necessary to understand the sequence of actions in
developing a business plan—from the concept to operation, it is necessary to under-
stand the meaning and functional roles of key investment project participants: an
investor, a customer, a general contractor, a project designer, trading banks, finance
institutions, equipment suppliers, insurance and engineering companies, consulting
firms. The consultancy and project work carried out by the main participants in the
investment project should take place at all stages of the investment cycle. The success
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or failure of an investment project depends on financial and economic conditions,
marketing research, technical characteristics and their interpretation, especially in
the development of a feasibility study. Expenses should not be a barrier to appropriate
pre-investment appraisal and evaluation of a project, as this considers a significant
contingencies.

All investment-related activities beginwith the identification of investment oppor-
tunities and their outcome is the mobilization of investment funds. Direct investors,
both public and private, are particularly interested in learning about emerging invest-
ment opportunities in the market. In order to have such information, it is necessary
to study the external environment, to carry out marketing research of this sector of
the economy. This approach to identifying investment potential sometimes includes
the collection of information, as well as the analysis of resources and comparisons
of the studied parameters. They analyse such aspects as environmental, consumer
demand, import substitution, interaction with other industries, general investment
climate, export opportunities.

Taking into account the pace of construction inUkraine, it is necessary to create an
economic andmathematicalmodel of investment activity in the construction industry,
which will help to make investments correctly with minimum risks for all parties.
In considering the problem of modelling investment in the construction industry,
three main actors can be identified: the investor, the lender and the developer. Each
of these participants has a common goal: construction of a new residential facility,
taking into account certain requirements, such as construction time, costs, energy
efficiency, comfort and ergonomics, reliability and durability, safety and economy,
etc. The main goal of the investor is to acquire real estate through the provided
investments, and the sooner the investment is made, the more profitable the value
of 1 sq. m., which price may more than double over the life of the project. Rising
inflation makes it more profitable to invest surplus funds through a lending facility
than to accumulate them. The lender invests in the construction of the dwelling,
receiving the maximum return on each invested UAH. It is in the interest of the
developer to invest consistently in the construction of the facility, and the investor’s
main objective is to recover the invested funds through the acquisition of new flats,
while the lender wishes to maximize the economic benefits.

Timely investment in the construction of the accommodation facility is required
to meet the required deadlines and reduce overhead costs. Delays in the construction
schedule have resulted in additional financial costs as well as a significant increase
in overhead costs. Thus, it is necessary to attract additional financing, i.e. to increase
the cost of 1 sq. m. of constructing accommodation. Since for the investor the price
remains unchanged from the moment of the conclusion of the contract, all additional
costs must be reimbursed by the developer. It should be considered that the construc-
tion of the facility is carried out with the help of credit, so that the size of the fund can
be increased. That’s why its size should be set at the beginning of construction. The
developer is also encouraged to increase interest rates on the use of credit owing to
the extended construction period. This situation, which may entail financial costs for
the three participants in the investment cycle, up to the time when the construction
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works are stopped for an indefinite period, for the developer—bankruptcy, for the
investor—loss of investment with existing obligations to the creditor [22].

Let’s analyse the main existing models of investment in the construction industry.
The construction industry, namely its residential sector, can be divided into two
functional parts:

– housing reproduction (improvement of the quality of the housing stock through
overhaul and upgrading the conditions of the dwellings to normal operational
conditions);

– introduction of innovative housing.

Innovative construction is the introduction of innovations, ensures qualitative
increase of efficiency of construction and maintenance processes. Such construction
is in a great demand by the market, i.e., it has practical application. Innovation is not
all novations or novelty, but the one that significantly increases the efficiency of the
system. Innovative building technology or material must meet one or more of the
criteria:

– simplify and accelerate the construction process;
– reduce construction costs or operating costs;
– increase energy efficiency of the facility;
– increase the life cycle of a building/structure.

Based on this definition, it can be concluded that the efficiency of innovation
depends directly on its profitability and relevance to developers. Building power-
efficient houses is a good example.

In the era of cheap gas heating, few thought about building a well-insulated house.
Simply put, the developer could afford to heat not only the house, but the street as
well. Now, due to the constant increase of price on energy products and the high cost
of connecting to a pipe with «blue fuel», the situation has changed radically. More
and more developers are thinking about building well-insulated houses where heat
losses are minimized. Due to the fact that the heat that flows out through the blow
through walls, the cracks in the windows or the doors pour money down the drain.
Hence the growing interest of private developers in recuperation, insulation, energy
efficient foundations of type ISW (insulated Swedish wall), additional insulation of
walls and roofs. That is, to the end product or to innovative technology.

But the housing sector as a whole requires investment resources from the above
sources, with financing from private investors playing an important role. The main
goal is to apply mechanisms of interest to private investors, in which individual and
societal needs for improved housing are jointly agreed upon. On the basis of the
economic interests of owner investors and tenant investors who operate in the new
housingmarket, investors use the right to rent at favourable rates or to take ownership
of a part of the living space after completion of the full renovation-reconstruction
works. A favourable condition for the economic interest of investors is the ratio of
production costs to the economic benefits obtained, taking into account alternative
options. From the standpoint of the tenant investor, the alternative is to rent the house
at full cost, but without repair. In the case of an investor-owner who has certain
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objectives (a portfolio investor whose main objective is the efficient placement of
his or her own funds and assets), the alternative is to invest in banks at interest rates
and to earn average income. In the case of an investor-owner whose purpose is to
obtain housing (a strategic investor), the alternative is to purchase similar space on
the housing market. In any case, the returns of these investors should be lower than
the alternative returns in these areas.

Another important aspect to be taken into account is the relationship between
the investor and the city authorities, which is based on the compensation principle
and represents the public interest of the citizens in the construction industry. In
such a situation, the analysis of these mechanisms makes it possible to describe the
behaviour of investors in the home reproduction market by means of optimal models
represented in different productions: linear, non-linear, parametric and probabilistic.
Thus, using these mechanisms, depending on the required initial version for setting
the problem, the economic and mathematical model should take into account such
factors as borrowed funds and bank loans for the implementation of an innovative
project, costs arising from the temporary resettlement of residents of the reconstructed
building, the probability of price risk associated with the sale of the renovated space
in the housing market, etc.

Functional model of a private investor who invests its assets into construction
industry, takes into account the compensation costs in the relationship between the
investor and the city authorities and will be based on the following aspects:

– the market value of housing sales (due to the presence of realtors in the market),
which is usually inflated;

– market value of 1 sq. m. of housing which is higher than the standard cost of
construction;

– the actual cost of 1 sq. m of living space, which decreases with the increasing
number of the building floors [23].

It is important for the investor to change the main economic values: the size of
their own investment, the cost of land for new construction, the number of floors of
buildings, the area of housing built, which is transferred under the contract to the
municipal housing stock.

We use the following notation:x—the number of floors in the house; m2y—the
size of the area of housing transferred to the municipal fund; S1—the size of the
area occupied by the land for new construction; S2—the size of the area of land
allocated for new development, S2 > S1; Z—the price of 1 sq. m. of land; M—the
cost of construction of 1 sq. m. of housing of this type; m1—purchase price of 1
sq. m. of housing of this type; m2—the sale price of 1 sq. m. of housing of this
type; k k—cash investments. We take for unknown quantities the number of floors
of the object and the area of the housing stock. Thus, the main inequalities of the
economic-mathematical model will take the following form:

(m1 − Ms1x)x − m1y ≥ zs2, (2)
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Ms1x ≤ k, (3)

Ms1x + zs2 ≤ (s1x − y)m1, (4)

max{(m2 − M)(s1x − y)}, x = 1, 2 . . . − whole (5)

y ≥ y > 0, (6)

max{(m2 − M)(s1x − y)}, (7)

The restriction on cash financial resources comes out of the formula (3); inequality
(4) reflects the cost (the expenditures of construction and purchase of land should
not exceed the cost of purchasing the same area that remains with the investor after
the transfer of housing to the municipal housing stock); condition (5) is the integer
of the variable; inequality (6) shows the lower limit of the size of the transmitted
area; (7)—a criterion for maximizing the profit that the investor receives from the
sale of built housing [21].

In canonical form, the optimal integer problem of determining x and y has the
form:

Ms1x ≤ k, (8)

(m1 − Ms1x)x − m1y ≥ zs2, (9)

x = 1, 2 . . . − whole (10)

y ≥ y > 0, (11)

F = (m2 − M)(s1x − y), (12)

Problems (8)–(12) can be solved as a Due to its relative simplicity, it is easy to
find that the optimal solution is achieved at the point (where (k/(Ms1); y), where
FO�T = (m2 − M)(k/(M − y))→ max [22]. The existence of a non-empty set of
admissible solutions is determined by the condition:

y ≤
(

k

M

)(
1 − M

m1

)
− zs2

m1
= A, (13)

In addition, the optimal solution exists when:
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y ≤
(

k

M

)
− ε/(m2 − M) = B, (14)

for any small ε > 0.
From comparison (13), (14) we obtain a sufficient condition for the existence of

an optimal solution:

y ≤ min{A, B}, (15)

Functional model (8)–(12) can take an extended form, taking into account the
demand and supply of housing, the risks associated with the discrepancy of the
studied factors [24–26].

The balance model of innovative development of enterprises in the construction
industry should weigh the balance of factors taken into account by investors, due to
the scenarios of enterprise development. Among them are the following:

1. General economic situation, prospects of construction and financial market for
the investor.

2. Exposition of the project. Features of the project location and the investor’s
decision on how to implement it.

3. Consumer characteristics of housing construction facilities under construction.
The conditional type of housing that is being built is determined by dividing it
into categories: economy class housing of mass demand, comfort class housing
of improved quality, and housing of the highest class of maximum value.

4. Planned technical and economic indicators.
5. Participation of private investors (households and legal entities) in financing

housing built on the basis of equity construction and other forms of collective
investment.

Thus, the strategy of choice by the investor-developer will be understood as a set
of project indicators, options for its implementation and financing.

Xqj ∈ {0;1}, where q = 1,G; j ∈ jg (Boolean variable which takes the
following values: «1»—if the project Pqj, included in the previous list, is accepted
by the investor for implementation, «0»—in case of refusal);

yij—the number (pcs.) i—constructed residential buildings of type j ( j ∈ jg),
intended for sale at prices cTgj on the open market;

βc
g j > 0, the share of the project financed from the private partner (%);

�—the amount of the attracted loan (UAH);
pc—value of return on equity (%);
p3—the value of return on borrowed capital (%).
Thus, the following set of parameters will describe the behavior of the investor-

builder {xq j , yi j , βc
q j ,

(
q = 1,G, j ∈ Jq , i = 1, n

)
, �, pc, p3}.

The condition for achieving the balance of the above factors will be achieved
through the strategy e = {xq j , xi j , βc

q j , μ, pc, p3}, described by the following
equations:
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bmi j + yi j + zi j = b0i j ,
(
i = 1, n; j ∈ Jq; j : xq j = 1

)
, (16)

zi j ≤ bui j ;
(
i = 1, n; j ∈ jq

)
, (17)

where bmi j—the number of i—constructed residential buildings of type j ( j ∈ Jq );
b0i j—the total number (pcs.) of residential objects i—type, in the construction

object type j;
zi j—the number of constructed housing i in the object of type j, intended for sale

to private investors in the housing market;
bui j—number (pcs.) i—of constructed residential objects of type j ( j ∈ Jq ), for

which it is planned to conclude agreements on participation in share construction or
other financing agreements.

Balance Eq. (16) indicates the coincidence of the total number of constructed
housing facilities (b0i j ), which were planned before the implementation of the project
Pqj (in this case xq j = 1) with the fund of residential real estate transferred to the
municipality (bmi j ), which is implemented in the housing market under construction
(yi j ) and transferred to private investors participating in share construction (zi j ).

Inequality (17) indicates the maximum amount of housing that can be transferred
to the ownership of private investors, taking into account the burdens of the investor-
developer, arising at the stage of commissioning.

The study of economic and mathematical modeling of innovative development of
enterprises in the construction industry allowed us to draw the following conclusion.

3 Conclusion

Innovative development of enterprises is the construction of new, state-of-the-art
housing, using the latest technologies, which is what the investor wants to finance.
Demand for housing, its price and quality, which is usually measured by the level
of energy efficiency, is a decisive factor for investors today. The construction of
innovative, energy-efficient housing is currently the most present in the structure
of the population’s needs. At the same time, the use of economic and mathemat-
ical models for the innovative development of construction companies will form
the most profitable model of activity for the investor. Two models were consid-
ered in the work. Functional mathematical model reflects the information, physical
and temporal processes in construction, which are performed during technological
processes. Balance model is designed to form a balance of the main factors influ-
encing the development of enterprises in the construction industry. The obtained
models provide an opportunity to analyze and select such parameters that will allow
construction companies to adjust their activities for effective operation.
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Risks and Threats to Economic Security
of Enterprises in the Construction
Industry Under Pandemic Conditions
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and Vitaliia Skryl

Abstract The paper actualises the problem of identification of risks and threats
to economic security of enterprises in the construction industry under pandemic
conditions. It proves that ensuring timely identification of potential or real threats to
economic security of enterprises in the construction industry is essential to develop
a set of preventing measures for preventing or minimising the causes of their mani-
festation. A statistical analysis indicates the impact of COVID-19 pandemic and
the quarantine measures upon the development of national economics in general and
construction industry in particular. The paper describes the negative tendencies in the
Ukrainian construction industry market. It proves that an efficient tool for preventing
and effective overcoming the negative consequences of pandemic is timely identifica-
tion of risks and threats to enterprise security in the construction industry. It suggests
an improvement to multi-criteria classification of risks and threats to enterprises in
the construction industry, which enables detailing the preconditions of threats and
their sources, and rather more systematic approach to their predicting, forecasting
their negative impact, identifying the quality structure of risks as well as taking into
consideration the possibility of system risks development. The authors developed a
structure model that enables identifying the predominant factors and preconditions
of threats to appear, which allows removing the threats in an early stage of their
development, predicting the probability of threats to appear, and taking preventive
measures for their timely removing.
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1 Pandemic as a Real Threat to Economic Security
of Enterprises in the Construction Industry

Scale and impact of the COVID-19 pandemic have radically changed the world
economy as well as the paradigms of social and economical development of each
country. The viral danger became a challenge not only to the healthcare systems but
to the very ability of state authorities and local governments, businesses to face and
withstand such serious challenges and threats.

Construction companies are an integral part of the national economy, an effec-
tive indicator of its growth or decline, and the object of external and internal risks
and threats. The COVID-19 pandemic has demonstrated the imperfection of crisis
management. The business entities proved to be unprepared for an effective fight
against the large-scale pandemic [1], which created a number of diverse threats to
the economic security of enterprises in the construction industry.

Timely assessment of threats, provoked by the pandemic, aims at changing the
model of responding to challenges to the economic security of enterprises. At the
same time, ensuring timely identification of potential or real threats to economic
security of enterprises in the construction industry is essential to develop a set
of preventing measures for preventing or minimising the causes of their mani-
festation [2]. In this context, the problem of identification of risks and threats to
the economic security of construction industry under the pandemic conditions is
undeniably relevant.

A considerably large number of studies, carried out by both Ukrainian and over-
seas scholars, focus on the problems of ensuring the resilience of economic entities,
including the construction industry, against the negative impact of a broad range of
threats, within the context of ensuring the socio-economic security of the state [3–9,
10, 11]. However the crisis phenomena in the economic system of Ukraine demon-
strate that Ukrainian enterprises have appeared unprepared against external threats
as well as there is a necessity of identifying the threats which have been caused by
the pandemic in order to prevent or efficiently overcome its negative consequences.

During 2016–2019 the level of economic security of Ukraine, even under the
conditions of new challenges the country had faced, was characterised by restrained
dynamics. It was confirmed by a slight increase in the keymacroeconomic indicators.
In 2016 the real GDP increased by 2.4%, in 2017 its grows rate consisted 2.5%, in
2018 it increased by 3.4%. In 2019 the real GDP decreased by 0.2 percentage points
compared to the previous year and amounted to 3.2% [12]. The growth of the level
of economic independence and stability of the country’s economic system is also
confirmed by the improvement of Ukraine’s position in international rankings. For
instance, in the international ranking Doing Business-2020 Ukraine took 64th place
among 190 countries (as in the ranking of the previous year it held 71st place) [13].
It was the best result in recent years (see Fig. 1).

In recent years, the economic system of Ukraine has been exposed to many risks
and threats. Their negative impact reflected in the unstable foreign economic situ-
ation, unfavourable investment climate, low growth of aggregate demand in the
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Fig. 1 The place dynamics of Ukraine in the international ranking Doing Business

domestic market, negative trade balance [14]. The COVID-19 pandemic has become
the biggest real threat of recent decades to the economic security of Ukraine as
well as of the entire world community. The sharp decrease in economic activity as
a result of quarantine measures led to a slowdown in economic development with
a predictable decrease in GDP, a reduction in consumer activity and production in
general, including negative tendencies in the construction industry.

According to the data of European Construction Industry Federation [15], the
impact COVID-19 caused the decrease of activity in the construction industry of
most FIEC member-countries. The largest decrease was in Ireland (35%), Spain
(23%), Italy (20%), France (15%), Slovakia (13.3%), Turkey (10.6%) and Belgium
(10.5%). Meanwhile, some countries have managed to keep the pace in the construc-
tion industry or even increase its production volumes. For instance, Greece increased
by 5%, Denmark by 2.7%, Germany by 1%. According to European Economic Fore-
cast: Autumn 2020 (Institutional Paper 136 | November 2020), issued by European
Commission, investments in the construction industry in the Euro area decreased by
6.7% in 2020 compared to 2019. The temporary shutdown of construction sites and
a significant reduction in granting building permits severely affected the sector in the
first half of 2020. The uncertainty forced the companies and enterprises to cut their
costs and revise their plans, delaying or even cancelling the construction projects.

In 2021 and 2022 the European Commission forecasts an increase in investment
by 5.2 and 2.9%, respectively.

TheFIEC forecast varies acrossmember countries. In some countries they forecast
deepening the crisis: from 1% fall in Austria in 2020 compared to 2019 to −4.5%
in 2021/2020, from −5.7 to −10% in the Czech Republic, respectively. In some
countries the fall is expected to get slowing down: from −35 to −20% in Ireland,
from −8 to −0.7% in Luxembourg, from −13.3 to −10% in Slovakia. There are
countries that hope to reverse the negative trend and increase the pace of construction.
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Belgium, having experienced the fall of−10.5% in 2020/2019 aims to reach+9.2%
in 2021/2020, Italy—having −20% is going to achieve +3%, Turkey strives to rise
from −10.6 to +6.5%.

In Ukraine, due to the COVID-19 pandemic and quarantine restrictions from
March to May 2020, 10% of construction companies had stopped their work during
the quarantine and still did not resumed it, 23% of companies paused their activities
for some time, 56% of companies worked without interruption. 75% of construction
companies announced the postponement of new projects, more than 30% of compa-
nies announced staff reductions. The number of transactions fell by more than 50
in 43% of respondents; by a quarter in 15; 10% reported that they had only a few
transactions; and 3% said they had no transaction at all. Only 5% of construction
companies could boast that their sales remained the same as in the previous year;
yet the same number of companies got the state investments. 36% of construction
companies plan to reach pre-quarantine profits within 9–12 months, 28% plan doing
that in the period up to six months. 20% companies are planning to do this within
two to three months as soon as the quarantine measures will be over [16].

State Statistics Service of Ukraine official data confirm the negative tendencies
in the construction industry [12]. Thus, in the period from January to August 2020,
comparing it with the same period in 2019, the index of construction products did
not reach the pre-crisis level, having amounted only up to 97.2% (see Fig. 2).

Under threat are the construction companies that operate at the expense of real
estate buyers and finance the next stages of construction at their expense. Decline
in sales can stop construction, which may cause a situation that will painfully affect
the investors who bought real estate at the initial stage of construction. According to
experts, 15–20% of new buildings across the country are at risk. In the nearest future
one should expect a chain of construction shutdowns aswell as a number of bankrupt-
cies of construction companies. Developers are massively launching promotions and
offering discounts up to 15%, but it does not help, as in comparison with the previous
year demand has fallen by 70–80% [16].

Fig. 2 Indices of construction products (in % to the corresponding period of the previous year,
cumulative total)
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Considering everything said above, the necessity of identifying risks and threats
caused by the COVID-19 pandemic to enterprise security in the construction industry
in order to prevent or efficiently overcome its negative consequences is undeniable.

2 Typology of Risks and Threats to Enterprise Economic
Security in the Construction Industry

Security of economic entities plays a key role in strengthening the state security,
which is an essential precondition for the stable economical growth and development
of any state. There is a high probability of economic risks in the business sector. In
the construction industry, for instance, there are risks due to the conflict of interests
between business entities and both the external and internal environmental factors.
Conflicts of interest, accordingly, are often a threat to the activities and development
of the primary economic actors.

The specifics and number of threats to the functioning of both individual entities
in the construction industry and the industry itself as a whole is determined by the
variety of entity types, forms of their organization and legislation, areas and kinds of
their activities. Providing a clear typology, therefore, can contribute to understanding
of the essential characteristics of risks as well as facilitate the taking of management
decisions that aim at their localization.

First of all, threats to the economic security in the construction industry should be
considered, dividing them according to the areas in which they may occur into:
(counter) productive, industrial, political, economical, financial, innovative, and
legislative.

Productive (technical and technological) threats are the risks associated with the
difficulties for the construction companies in accessing the economic resources,
means of production, and technologies; insufficiency or critical deterioration ofmate-
rial and technical resources; breaking or lost of production ties; similar equipment or
technology introduced by rivalling companies; errors in technical or technological
policy [17, 19].

Industrial risks are rather external to the system of enterprise economic security.
They are characterized by the following threats: a sharp increase in competition;
“aging” and “decline” of the industry (associated with the relevant stage of its life
cycle), which are accompanied by declining demand and market capacity; reducing
in the attractiveness of investment, etc.

Political risks are to some extent the subject to public administration, but they
often cause significant damage to individual enterprises in the construction industry
or the entire industry as a whole [18]. They are mostly related to the excessive
politicization of the actions of government officials, which diverts their attention
from the performance of their functions and duties (or may provoke inaction during
the political crisis). All this may cause delays in problem solving (including the
problems related to the management of business economic security), postponing
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in taking the necessary decisions that aim at developing a full-fledged institutional
framework for the economy and industry development, slowing down the procedures
for granting permits, etc. All this may considerably reduce the business activity of
the people.

Economic and financial risks are, as a rule, provoked by unfavourable market
conditions, whichmake the construction companies to digress from planned financial
and economic results; inefficient financial planning and poor asset management; ill-
considered marketing policy; underestimation of financial risks; force majeure or
(even) criminal acts.

It should be noted that another important aspect is the study of financial risks
in the construction industry under conditions of economic and financial crises [20].
This conclusion can be made taking into account two following regularities: 1) the
interdependence of risk and financial performance of the business entity; 2) different
effect and strength with which the risks impact different enterprises.

It is clear that under conditions of economic crises, the business risk—in the
construction industry in particular—increases significantly. As a rule it happens due
to rising costs, getting rather more complicated access of economic entities to finan-
cial and credit resources, deteriorating financial and economic conditions of counter-
parties and consumers of goods (services), reducing economic activity, introducing
additional costs and losses of business entities due to changes in fiscal or credit
policies, particular components of administrative methods of state regulation.

Legal risks to the enterprise economic security in the construction industry include
defects in the legislation or the system of its implementation, errors that come from
inadequate qualification of lawyers or attorneys in the enterprise legal service or poor
planning; ineffective defence of business interests in case of conflict situations.

There are also certain particular risks for business entities by type of their
economic activities [21]. Thus, among the specific risks for enterprises in the
construction industry there can be mentioned the decrease in effective demand for
residential and non-residential real estate, worsening of the economic efficiency and
growth of receivables/payables, critical increase in project payback period, loss of
markets, inflation and fiscal pressure, cuts in investment, raiding and crime in the
construction sector, bureaucratization and corruption in obtaining building permits,
etc.

Considering all we have said above, the classification of threats to enterprise
economic security in the construction industry can be represented as follows (see
Fig. 3).

It should also be noted that there is a fundamental difference between traditional
risks and systemic threats to the enterprise economic security in the construction
industry. Traditional risks can also be called natural. They are constant companions
of any business activities of any business entity. Traditional risks do not come from
any subjective actions or measures, and, therefore, do not affect the critical mass of
enterprises in a negative way [7]. The general (traditional) classification of enterprise
economic security risks in the construction industrymay focus on following features:
the way the object is impacted or affected; the scale of (probable) losses from the
threat; threat target; the area of activity of the object, etc.
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Systemic threats in the construction industry are causedby illegal actions of certain
subjects or even government officials that create an unfavorable economic or legal
environment. Their consequences are rather more global [22]. They hinder the activ-
ities of almost all business entities and, therefore, disable not only the development
of business sector but the very functioning of it.

In addition to the threats to economic security mentioned in Fig. 3, the systemic
threats to enterprise business security may be identified by groups as follows:

1) market (it includes the threats related to the shadowingof economic relations and
markets, their monopolization, criminalization of business and public relations,
problems with the purchase and sale of business, property and resources, the
unfavorable investment and innovation environment);

2) state and political (due to the presence of cooperation between the state and
business representatives, affiliated structures, raiding, non-transparent access
to state property, resources and markets, instability of the “game rules”);

3) resource (related to the insecurity of private property rights, high transaction
costs, excessive tax pressure) [23–26].

It should be added that the risks to the enterprise economic security in the construc-
tion industry may differ not only in their content and origin, but also in frequency.
In this regard, it seems advisable to divide them into: disposable, which may occur
suddenly, but pose a threat over a long period of time (or constantly) and have a
negative impact on vital business characteristics (significant changes in legislation,
increased competition between developers, etc.); multiple, which affect the activities
of the enterprise or their combination either stochastically or with a certain period
of occurrence (temporary severance of relations with the supplier or contractor, etc.)
[7].

Risk classification according to their predictability (manageability) reflects the
possibility of localizing their consequences.Manageable unfavourable eventsmay be
dealt with and improved by public administration bodies or the enterprise managers.
Moreover, the means of improvement can be developed in course of the enterprise
economic security monitoring and to be expressed in a set of strategic, tactical and
operational management actions and institutional transformations.

Unpredictable (uncontrolled) threats are not the subjects to the directly manage-
ment, correction or improvement. They reflect the threats caused by the development
of market relations in the country, and therefore public administration must neces-
sarily take them into account in their activities. Examples of unmanageable threats
are: the seizure of market share by foreign companies or multinational corporations,
the dynamism of changes in legislation, high levels of corruption, and so on.

It should be noted that in addition to the possibility of forecasting, it may seem
advisable to divide the risks of enterprises economic security in the construction
industry on such a classification basis as the possibility of their prevention by public
administration [27]. Therefore, some of them can be predicted, and the implemen-
tation of adequate preventive measures can eliminate the critical negative conse-
quences. Among such risks, most of them are internal and concern the inadequate
level of management of primary economic agents professional training, heads of
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public authorities, negative market and economic changes, which are just emerging
or have not reached a level of critical destructive impact on personal security yet,
society, enterprise, entrepreneurship, industry and economy in general.

Risks that cannot be prevented include those that are more force majeure. This is,
in particular, the effect of natural factors on the construction complex. To minimize
their negative effects, business entities should firstly use insurance practices.

The risks of construction companies economic security, which can be partially
prevented, include significant systemic transformations that occur (develop) on the
basis of objective irrational development (recession) of the economy, sectoral changes
(deformations) and other general macroeconomic parameters. It is difficult to change
radically the direction of such phenomena development, however, we believe that
the list of public administration tasks should include the negative consequences of
such risks mitigation [7].

The given above risks typology corresponds to a wide range of the category “con-
struction companies economic security”. It reflects a significant number of threats
sources to sustainability of the studied system and, thus, requires a comprehensive
approach to activities that must be carried out to strengthen it. However, an inte-
gral classification of construction companies’ safety risks should also include the
following: the headline, the origin and nature and the consequent effect.

Thus, in accordance with the nature of systematic consideration of economic
security of entrepreneurship category, the areas of risks negative impact are the vital
interests of this system subjects.

By origin, of economic security of construction business entities risks should be
divided into internal (due to defects in the existing business security system) and
external (due to the influence of factors outside this system and not due to the actions
of its subjects). However, it should be noted that internal negative manifestations and
threats as a result, may arise at micro (level of person, enterprise), mezzo and macro
levels of economic management hierarchy and may be caused by imperfect public
administration. At the same time, external threats are mostly a manifestation of the
shadow market sector, foreign markets and integration actions, where public admin-
istration bodies participate [24, 28]. We add that, the difference between internal
and external risks is whether they are caused by actions (inaction) of the economic
entities economic security or institutions of its external environment.

In accordance with such classification feature as the level and nature of the impact
of enterprises economic security factors in construction industry, it is necessary
to distinguish: minor risks (that significantly affect financial losses of construc-
tion industry enterprise); possible (that affect interests of a significant number of
enterprises); critical (the interests of the industry as a whole).

These types of risks that undermine the principles of proper functioning of the
construction industry economic security can be considered traditional (classical). At
the same time, the problem of strengthening economic entities economic security
is exacerbated during periods of economic downturn, slowing the pace of business
development, reducing the quality of life of the population, that characterize the
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construction business in a pandemic functioning. Therefore, the typology of the so-
called “systemic” risks to the construction companies economic security is especially
relevant.

In particular, such type of risk is classified: according to the consequences of
institutional conflict of interests; by forms of illegitimate property formation; by
forms of the system of public administration corruption; on obstacles to the shadow
economy legalization; by the preconditions of unfair competition; by the negative
consequences of economic transformation [7].

In contrast to the traditional security risks of economic entities during socio-
economic crises, the effect of objective risks increases, which destroy both economic
and psychological preconditions for doing business and competitive business envi-
ronment characteristics in general. In particular, such risks may be caused by insti-
tutional interests conflict (public administration and business representatives; civil
servants and public and political associations; business and society, individuals, etc.).

Weadd that public administration bodiesmaterial and legal preferences granting to
the subjects of construction business often leads to distortion of a healthy competitive
environment formation mechanism. This process often results in the concentration
of economic and financial resources in a small number of market participants, which
distorts the level playing field.

We note that in transformations of economic systems, there are often prerequisites
for business entities risks, including the construction industry. They are associated
with the possibility of illegitimate, “opaque” ownership, which in combination with
instability, lack of planned and justified (resource provision), step-by-step (with
appropriate adjustment) economic policy of the state create preconditions for the
management system formation, where market instruments are not effective enough,
do not create transparent and equal rules of economic behavior for all business enti-
ties [29, 30]. It should be noted that the main directions (forms) of property rights
illegitimate formation and, thus, systemic risks to the entrepreneurship functioning
and development are as follows: fictitious bankruptcy, lobbying for state resources
access, fictive business creation, etc.

Moreover, ownership redistribution through bankruptcy procedure or through the
creation of fictitious enterprises results in such negative consequences as dispersal
of property, reducing of the level of corporate control over state and public prop-
erty through resale to “related” structures. Such procedures are often used in the
construction business to eliminate competitors, evade taxes or debt obligations.

We studied the economic essence of threats, the processes of their emergence,
the nature of manifestation and impact on the economic security of Ukraine. As a
result,modelling of the process of their emergence, spread and impact on construction
enterprises economic security systemwas carried out. To quantify the parameters that
characterize the process of emergence, spread and impact of threats on the enterprises
functioning economic and mathematical modelling tools were used (Formula 1).

(1)



Risks and Threats to Economic Security of Enterprises … 721

where MIZE is a model of the emergence, spread and impact of threats on the
economic security of the enterprise;

SBZ—areas of threat;
NBZ—consequences of the threats impact;
PE—the current financial and economic condition of the enterprise;
DP—shortcomings in the regulation of economic activity;
ZF—external factors affecting the activities of the construction industry;
E—the functioning of the real estate market under pandemic conditions.

Despite the significant number of variables and conditions that must be taken into
account in the process of analyzing the emergence, spread and impact of threats, only
a small part of them can be considered essential for describing economic security of
enterprise. Therefore, in this case, it is advisable to simplify the description of the
economic security system on the basis of which the model is built. The key task here
is to identify the dominant factors (variables, their parameters and constraints) on
the basis of correlation and regression analysis and to study the predictive dynamics
of the identified threats.

Thus, the source of threats are the factors and conditions that provoke the emer-
gence of phenomena and processes in the external or internal environment of the
economic security system. Their analysis and timely detection should be the basis of
economic security mechanism. This approach, in contrast to the situational response,
makes it possible to prevent the emergence of threats and to neutralize them at the
initial stage.

The proposed structural model of emergence, spread and impact of threats on
national economy economic security is based on the following principles:

Segmentation—the identification of threats is carried out by areas of their
emergence (SBZ) within each component of national economy economic security;
objectivity—the existence of a threat to economic security must be proven by
economic and mathematical methods of analysis of statistical indicators;
dynamics—detection and prediction of threats is based on trends that shape the
current state of the national economy;
completeness—all factors, phenomena, events and processes that are sources of
threats are subject to consideration; based on the possible negative consequences
of their impact on the economic security system of the national economy;
significance—only those threats are subject to modelling that objectively hinder
the realisation of national economic interests and are catalysts for destructive
changes in the system of national economy economic security.

In the absence of a situational response to existing threats at this stage, their
accumulation occurs, which leads to structural changes both in the economic security
system of the state and in the state economic system as a whole.

Other significant systemic risks of construction industry development under the
conditions of transformation processes are: insufficient level of competitive envi-
ronment formation that leads to creation of unequal conditions of functioning in the
market [7]. With a high level of corruption, including corruption in the system of
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public administration aswell, the following systemic risks of construction enterprises
economic security are formed: assistance to affiliated structures, criminal lobbying,
investment from the state budget, creation of pseudo-enterprises related to govern-
ment and management officials, etc. Corruption often leads to the criminalization of
society and the economy, which in future creates the preconditions for institution-
alization of structures that use corruption technologies to replace public administra-
tion bodies in the provision of certain services, or in some way affect the qualitative
content of relevant state externalities.

Summarizing the study, we can conclude that the conducted classification of
risks allows to detail the preconditions and sources of threats, more systematically
approach their prediction and forecasting the consequences of adverse effects, espe-
cially under condition of COVID-19 pandemic, determining the qualitative structure
of risks, and consider the possibility of systemic risks development in construction
industry enterprises.

The innovative areas for further development, to which the construction industry
should be directed, are: renovation, energy efficiency and environmental standards
improvement, as well as digitalization of all stages of project implementation.

3 Conclusion

It is justified that in the context of the COVID-19 pandemic destructive impact on the
national security system and its individual components, including the construction
industry as an integral part of the national economy of the country, an effective indi-
cator of its growth or decline, the identification of risks and threats to the economic
security of enterprises in the construction industry acquires strategic importance.
A detailed statistical analysis indicates the impact of the COVID-19 pandemic and
quarantine measures on the development of national economy in general and the
construction industry in particular.

The suggested improvement to the multi-criteria classification of risks and threats
to enterprises in the construction industry, which enables detailing the preconditions
of threats and their sources, and rather more systematic approach to their predicting,
forecasting their negative impact, identifying the quality structure of risks as well as
taking into consideration the possibility of system risks development. Considering
the negative trends in the Ukrainian construction market, it is proved that timely
identification of risks and threats to the safety of enterprises in the construction
industry is an effective tool for preventing and effective overcoming the negative
consequences of pandemic. The authors developed a structure model that enables
identifying the predominant factors and preconditions of threats to appear, which
allows removing the threats in an early stage of their development, predicting the
probability of threats in the future, and taking preventive measures for their timely
removing. Modeling the process of the threats emergence, spread and impact on the
enterprise economic security allowed creating a structural model. The model enables
identifying the dominant factors and conditions causing the threats to appear in the
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areas of economic activity. All this allows either to manage and remove the threats at
a very initial stage or to minimize their negative impact on the enterprise economic
security system, taking into consideration the defects and shortcomings of economic
activity regulation and the influence of external factors.
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in the Information Security Management
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Abstract The article actualizes the problem of management and strengthening of
enterprises information security. It is proved that in the conditions of information and
technological development it is the information that has become a factor that forms
the competitiveness of many business entities. A statistical analysis of the level
of cybercrime and financial losses from crimes in cyberspace. It is substantiated
that construction of an effective information security management system based
on international standards of the ISO series is the key to the successful operation
of enterprises. The method of error correction in the system of residual classes is
determined by the basis of improving the information security of economic entities.

The method of enterprise data errors correction in the system of residual classes is
developed in the article, which is based on the application of corrective properties of
L-codes,which are formedwhenusingmutually pairwise difficult bases. Thismethod
enables expanding the class of corrected errors that are corrected, which expands the
corrective capabilities of L-codes. Examples of performing the correction operation
are given, as well as the features of the implementation of the device for detecting
data errors are described.

Keywords Computer system for processing enterprise data · Conditional
alternative sets · Data protection · Error correction · Information · Information
security · Linear codes · System of residual classes

1 Protection of Information in the Information Security
Management System

In terms of information technology development, characterized by on the one hand
the intensification of modern information technology in all sectors of the national
economy, and on the other hand, increasing the scale and frequency of cyber attacks,
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the emergence of new risks and security threats to businesses and the state as a
whole, the issue of increasing the level of information security becomes particularly
relevant.

Noting the role and importance of existing research on information security [1–4],
it is obvious that in the context of intensification of informatization and progressive
development of the IT sector, one of the most pressing issues is the problem of cyber
attacks, which necessitates increased protection of information.

Information security of enterprises characterizes the state of their access to infor-
mation, its security and storage, efficiency of use, business intelligence, information
and analytical work with external and internal entities, the ability of information and
analytical system of economic entities to develop.

Analysis of the internal and external environment of enterprises is the first and
integral function ofmanagement [5]. Therefore, the quality of information and analyt-
ical support directly affects the effectiveness of management and further devel-
opment of the enterprise. But for this, the system of information and analytical
support of the process of economic entities economic security managing should
include the following elements: information, a set of indicators, indicators, methods
of assessment and analysis of information security [6].

Of course, the system of analytical information for management decisions is char-
acterized by complexity. And there is a tendency to complicate the relationships in
the information flow. At the same time there is a systematic increase in the amount
of information, its redundancy in terms of lack of information to make optimal
management decisions. Information on the business entities security is quite hetero-
geneous [7]. All this complicates its use in the management of security and viability
of the entity. In most businesses, information that managers use to ensure their safety
comes predominantly from internal sources. A specialized analytical group or secu-
rity service is created, the functional responsibilities of which include all or part of
the information support.

The key issue is the concept of essential information. Information is considered
significant, the non-provision or distortion ofwhichmay influence the decisions of its
users. The main objectives of information security management of economic entities
are to ensure timely detection of information loss channels, threats and their level
of importance, types of information theft, methods of their actions; ensure prompt
response to threats; create conditions for the maximum possible compensation for
damage; avoidance of economic and industrial espionage.

Thus, information security of enterprises is designed to protect their interests and
their staff from the misuse of inside information and protection of trade secrets,
which often constitute a significant part of the intellectual property of the business
entity.

However, despite attempts to protect trade secrets and other sources of infor-
mation, it is often the case that information is disseminated to persons who have
no right to do so. Under modern business conditions, this phenomenon is quite
common, because information about know-how, technology, methods of conducting
business and management of individual business processes forms the competitive-
ness of many businesses [8]. And in conditions of constant competition, even a drop
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of the necessary information can dramatically change market conditions for an indi-
vidual business entity, and for another—to turn into losses and damages. That is why,
in Western Europe and the United States, 20% loss of confidential information can
lead to bankruptcy [9].

Current dependence of enterprises on information systems and their services
means that businesses are becoming increasingly vulnerable to information security
threats. Interaction of public and private networks, as well as sharing of informa-
tion resources increases the difficulties of access control and ensuring guarantees of
services and security of information and communication systems and networks.

Intensification of the processes of economic activity digitalization creates precon-
ditions for increase in cases of unauthorized use of computers, telecommunications
systems, computer networks and telecommunications networks [10], i.e. cybercrime.

Back in the 1990s, computer fraud in the United States caused more than $10
billion in annual damage [11]. In the UK, where cybercrime had quadrupled at the
time, the Confederation of British Industrialists estimated that the annual damage
was £5 billion.

Today, financial losses from cybercrime are growing every year. According to a
study conducted by experts from the Center for Strategic and International Studies
(CSIS) and McAfee, a company that develops anti-virus software, the level of losses
from cybercrime in the global economy is growing rapidly: if in 2014 they amounted
to 345–445 billion dollars (0,6% of world GDP), then in 2016 it was already 445–600
billion dollars (0,8% of world GDP), in 2017—about 1.5 trillion dollars [12]. Global
losses from the hacker attack using the NotPetya virus program alone amounted to
$850 million, of which $300 million was the financial loss of the national economy
of Ukraine (0,4% of GDP) [13].

Hacker attacks in 2020 cost the world economy more than a trillion dollars or 820
billion euros, which is 50% higher than in 2018 (see Fig. 1).

Fig. 1 Estimated average cost of cybercrime
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Establishing the real scale of financial losses from the actions of cybercriminals
is extremely difficult and almost impossible. However, the lack of official statistics
does not diminish the relevance and importance of information security. After all,
information is one of the universal types of resources that are necessary both for the
decision-making process and for the formulation of strategic, tactical and operational
tasks of economic development at the macro-, meso- and micro-levels.

According to domestic and foreign experts, solving the problems of investigating
this type of crime is a difficult task for law enforcement agencies both in our country
and abroad. Domestic and foreign criminologists classify “computer” crime as hyper
latent. According to various estimates, law enforcement officers become aware of
only 10–20% of such crimes [14].

A key aspect of protection against cybercrime is preparation and identification
of vulnerabilities, as well as resilience in terms of interoperability with common
management systems.

Fundamental in the field of information security management are the Interna-
tional Standards ISO/IEC 27,001 and ISO/IEC 27,002 (it was called ISO/IEC 17,799
until 2007). They are a model of the management system, which determines the
overall organization of processes, data classification, access systems, planning areas,
employee responsibility, the use of risk assessment, etc. in the context of information
security. Thus, due to the implementation of the ISO/IEC 27,001 standard, business
entities have the opportunity to assess their risks, implement control measures to
mitigate them, control risks, improving, if necessary, information protection. The
ISO/IEC 27,002 standard is used to establish a system of effective information
protection and to improve information protection methods.

To date, there are more than 40 international standards of the ISO/IEC 27,000
series, covering everything from creation of a common dictionary (ISO/IEC 27,000),
risk management (ISO/IEC 27,005), security in cloud technologies (ISO/IEC 27,017
and ISO/IEC 27,018) to forensic methods used to analyze digital evidence and inves-
tigate incidents ISO/IEC 27,042 and ISO/IEC 27,043 respectively) [15]. They enable
businesses to constantly update themselves in the fight against cybercrime.

Building an effective information security management system based on interna-
tional ISO series standards in modern information and communication systems and
networks is an important task for every business entity. To counter external attacks,
it is necessary not only to have effective means of protection, but also to know their
system of operation, settings and weaknesses of operating systems [16].

Thus, strengthening the information security of enterprises is based on ensuring
reliability, confidentiality, integrity of information resources. Modern methods and
means of information and communication and digital technologies cannot fully
ensure productive and reliable processing of ever-growing arrays of information.
The existing positional binary number system, which operates in modern informa-
tion technology, has shortcomings, and existing methods of unauthorized access,
hacker attacks, viruses and other types of hacking and violation of the integrity of
information are built using binary position code. In this aspect, correction of errors
in the system of residual classes can rightly be determined as the basis for improving
the information security of economic entities.
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2 Features of Error Correction in the SRC

It is possible to significantly increase the reliability and credibility of processing
economic data only based on the use of new machine arithmetic. Because existing
positional numeral system (PNS) has a number of disadvantages. Execution of an
arithmetic operation involves a sequence of elementary operations on operands
(digits) according to the rules defined by its content. These operations cannot be
completed until the values of all the results of the operations have been obtained,
taking into account all the interconnections between the operands (digits). As a result,
modern computer systems that use binary code to represent and process all types of
data, i.e. based on PNS, have a significant disadvantage—the presence of inter-bit
connections between the operands being processed, which affects the architecture of
computer systems and methods of arithmetic operations, complicates the equipment
and limits the speed of arithmetic operations.. And most importantly, due to inter-bit
connections, one error in the bit leads to a block of errors, and the existing methods
of error correction in the PNS are very difficult to implement and strongly affect the
redundancy of the machine code [17].

In the system of residual classes (SRC), each number is represented in the form of
several small-digit positional numbers, which are remainders fromdividing the initial
number into mutually simple bases. In the usual positional binary system, operations
(for example, the addition of two numbers) were performed sequentially by bit,
starting from the youngest. This creates a transfer to the next most significant digit,
which determines the bitwise processing sequence. The possibility of paralleling
this process appeared in the SRC: all operations on the remainders on each basis
are performed separately and independently (in parallel), therefore, due to their low
bitness, easily and quickly [18].

Also the SRC has a valuable property of the independence of the residuals from
each other on the basis of the adopted system [19]. The independence of the residuals
makes it possible to build computer system for processing enterprise data (CSPED)
in the form of a set of information—independent, parallel computing paths (separate
“small” computing paths of information processing, operating on a specific module
mi in the SRC, independently). Thus, CSPED have a modular design that enables
maintenance and troubleshooting without interrupting the solution of the compu-
tational problem. Errors that occur due to failures of binary circuits in an arbitrary
computational path on the basismi do not spread to neighboring paths (remainwithin
one residual), which makes it possible to increase the reliability of calculations in
the CSPED. It does not matter whether there was a single or multiple error, or even
a package of errors with a length of not more than mi−1 binary digits. Thus, the
error that occurred in an arbitrary path mi of the CSPED in the SRC, or will remain
in this path until the end of the calculations, or in the process of further calculations
will be eliminated (for example, if after a failure in the residual ai the intermediate
result is multiplied by a number zero having a zero digit based on mi ). In this case,
with the help of SRC you can build a system of error correction with the introduc-
tion of minimal redundancy, which uses the dynamics of the computational process,
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introducing the concept of an alternative set of numbers. The set of bases of SRC
mi1,mi2...mik by which numbers A1, A2...Ak differ from the incorrect operand Ã,

is called an alternate set of numbers, and is denoted W
(
Ã

)
. The basic idea of deter-

mining the erroneous residual (basis) ai = ai +� ai is that for the resulting sequence
of incorrect operands Ãi = (i = 1, p) in the dynamics of the computational process,
without interrupting the solution of the problem, sequentially in time are determined
by conditional alternative sets (CAS):

W ( Ã) = Wi−1( Ã) ∧ Wi ( Ã). (1)

For some time, CAS is charged to the erroneous basis (or to two bases mi and
mn). After that, the known methods are used to correct the distorted residual ai .
A feature of this method of error correction is the ability to correct errors without
stopping calculations, which is important for CSPED that operate in real time. A
detailed study of the features of the SRC allows us to conclude that the devices that
operate in the SRC, are easily controlled and easily diagnosable objects. The noted
feature of CSPED functioning in SRC promotes development of effective methods
of control and diagnostics [20].

This independence offers wide opportunities for constructing not only new
machine arithmetic, but also a fundamentally new scheme for the implementation of
CSPED, which in turn significantly expands the use of machine arithmetic.

Thus, this property of the SRCmakes it possible to implement a unique system of
control and correction of errors in the dynamics of the computational process with
the introduction of minimal code redundancy without stopping calculations, which
is very important for economic structures operating in real time [21].

3 Implementation of L-codes in the SRC

Currently, possibilities of R-codes for error correction in the SRC are being inten-
sively investigated. This is due to the clear and simple structure of R-codes without
deep interconnections, and really effective corrective properties, with a relatively
simple procedure for their construction for any required minimum code distance.

Also for comprehensiveness it is necessary to consider other types of codes in non-
positional systems, namely in the SRC, which are found in the literature under the
name—linear codes (L-codes). When considering these L-codes in various scientific
sources, it’s described not by quantitative characteristics, but by qualitative ones.

Currently, no one is deeply researching the corrective capabilities of linear codes
in combination with the properties of SRC. Developments in this direction would
reveal broad and effective corrective properties, which necessitates the improvement
of SRC-based data processing systems and the use of these systems to increase the
reliability of CSPED.
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The sum, difference, and product of any vectors of a linear code are code words.
In this case, non-code words cannot be associated with any natural numbers. We
show that error correction in the SRC with the help of L-codes leads to hardware
redundancy equivalent to reservation. To this end, we consider two known theorems
[22].

Theorem 1. To correct an error in the residual at an arbitrary base mi of the
number A = (a1, a2, ..., an), specified in the system of residual classes with
bases m1,m2, ..., mn , it is necessary that:

(dik − 1)(di j − 1) ≥ mi − 1 − (Kdi k + Kdi j − K[di k ,di j ]), (2)

where dik = (mi , mk), di j = (mi , m j ), Kdi k id the number of divisors, multiples
of dik ;

Kdi j is the number of divisors, multiples of di j ;
K[di k ,di j ] is the number of divisors, multiples of the lowest common multiple

(LCM) [di k, di j ] of the divisors dik and di j , i �= j .

Proof. Calculate the values ai j , aik , a jk . If the error occurred at the base mi , then
aik = 0, ai j �= 0 and aik �= 0. The number of different combinations of ai j , aik is
(di j −1) · (dik −1), where (di j −1) is the number of possible values of ai j (ai j �= 0),
(dik −1) is the number of possible values of aik (aik = 0), and the number of possible
values of base errors aik is mi − 1 (�ai �= 0) minus the number of undetected errors
[22]. The number of undetected errors consists of the number of errors, multiples of
the divisor dik − Kdik and multiples of the divisor dik − Kdik . Thus, the number of
possible values of detectable errors is:

mi − 1 − (Kdi k + Kdi j − K[di k ,di j ]). (3)

To ensure compliance with the possible values of the errors on the basis mi it is
necessary to fulfill inequality (2).

Q.E.D. The necessary condition of Theorem 1 is sufficient if different values of the
error values�ai correspond to different product valuesaik ·ai j , andvice versa. Indeed,
in this case there is a one-to-one correspondence between the possible values �ai
and the values of the product aik · ai j , which determines the possibility of uniquely
determining the magnitude of the error [23].

Based on Theorem 1, we compose an error correction algorithm for an arbitrary
base mi :

1. Determine the number of distorted residual. To do this, we calculate the values:

a1 − a2 = a12(modd12)
a2 − a3 = a23(modd23)

...

an−1 − an = an−1n(moddn−1n)

an − a1 = an2(moddn1)

(4)
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If all residuals are ai j = 0
(
moddi j

)
, then the number A is correct. If the error

occurred at the base mi , then ai j �= 0 and aik �= 0, thus, the number being tested
Ã = (a1, a2, ..., ãi , ..., an) is incorrect.

2. By the values of ai j and aik appeal to the block of error constants, where we
select the appropriate value of �ai .

3. We perform the correction of the number Ã in and we get the correct number
A = Ã − �A, i.e.

A = (a1, a2, ..., ai , ..., an). (5)

If in the abbreviated SRC due to the exclusion of the base on which the error
occurred, it is possible to unambiguously represent a number A, then instead of
determining by the values of ai j and aik the value of the error �ai , we will directly
calculate the values of the correct remainder ai .

Consider this error correction algorithm:
1. Calculate the value of residuals a12, a23, ..., an1.
2. Determine the number of distorted balance. Let the error occurred at the base

mi . In this case, this basis is excluded, and the number A is presented on the bases
m1, m2, ...,mn , i.e.

A = (a1, a2, ..., ai−1, ai+1, ..., an). (6)

3. Perform a convolution of the number A into positional code.
4. Determine the true value of the distorted residual:

ai = A − [A/mi ]mi , (7)

where [x] is the whole part x , not exceeding x . Corrected number Acor =
(a1, a2, ..., ai , ..., an).

Let us determine the conditions under which it is possible to exclude some bases
from the SRC. To do this, we present the bases of the original SRC in the canonical
form:

m1 = β
a11
11 β

a12
12 . . . β

a1l1
1l1

m2 = β
a21
21 β

a22
22 . . . β

a2l2
2l2

...

mn = β
an1
n1 β

an2
n2 . . . β

anln
nln

M = β
a1
1 β

a2
2 . . . β

ak
k

(8)

To uniquely determine the number A, specified in the SRC with bases
m1, m2, ...,mn , and lying in the range [0, M) it is possible to exclude only those
bases for which βm = βili , (m = 1, k, i = 1, n). It is necessary that am ≥ aili .
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Thus, the necessary and sufficient conditions for error correction are determined
by eliminating the distorted base. These conditions are simultaneous fulfillment of
equality and inequality:

βm = βi li , am ≥ ai li . (9)

Above, the algorithm for detecting and correcting errors in the SRC by means of
L-codes was described. Let be (ak − ak+1) mod dkk+1 when calculating values, it is
determined that ai−1 i �= 0, ai i+1 �= 0, and all other values are:

ak k+1 = (ak − ak+1) mod dk k+1 = 0. (10)

Then it is stated that the number A is incorrect, and the error is present in the
remainder of the base mi , i.e.

Ã = (a1, a2, ..., ãi , ..., an). (11)

Referring by the values ai−1 i and ai i+1 to the block of error constants, we
determine the error value �ai and then we determine the true value of the residual:

ai cor = ãi − �ai . (12)

The corrected number will appear as:

Acor = (a1, a2, ..., ai cor , ..., an). (13)

To correct an errorwith the help of the developed correctionmethod, it is necessary
that the error �ai is not at the same time divisible by two dividers di−1 i and di i+1,
which limits the class of corrected errors [24].

Thus, there is a need to develop effective methods and algorithms to expand the
class of possible correctable errors.

The method of correction of one-time errors, allowing to correct errors that are
multiples of one of the dividers di−1 i or di i+1, is as follows [22].

Let a SRC be set with mutually not simple bases, i.e. greatest common divider
(GCD) (m1, m2, ...,mn) ≥ 2.

And let a number be given in the SRC Acor = (a1, a2, ..., an).
We define all values ak k+1, i.e. a12, a23, a34, ..., an−1 n, an 1.Without breaking

the generality of reasoning, we assume that ai i+1 �= 0, and all other values are
ak k+1 �= 0. Because:

ai i+1 = (ai − ai+1) mod di i+1 �= 0. (14)

error may be present only in residues on the bases mi or mi+1. In this regard, two
hypotheses are possible:
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– an error is present in the residual ai ;
– an error is present in the residual ai+1.

Before we consider the error correction process by the proposed method, we
formulate and prove a theorem, the result of which we use in determining the
convergence process for the totality of numbers of the form:

A(ki ) = (a1, ..., ai−1, ai ki , ai+1, ..., an), (15)

to the correct number:

A(ρ) = (a1, ..., ai−1, ai ρ, ai+1, ..., an). (16)

First consider the lemma.

Lemma. The sum, difference, and product of any L-code code words are also code
words.

Theorem 2. Let in the ordered (mi−1 < mi ; i = 1, n) system of residual classes
with bases m1, m2, ...,mn an incorrect (distorted in one residue) number be given
Ã = (a1, a2, ..., ai−1, ãi , ai+1, ..., an) and let �ai = ãi − ai = kidi−1 i .

Then in the set of values aiki = (ãi − kidi−1 i ) mod mi there is a single value of
aiρ , at which the number:

A(ρ) = (a1, a2, ai ρ, ..., an), (17)

is the correct number, where di−1 i (mi−1, mi ), and ki may take values ki =
1, 2, ..., mi/di−1 i − 1.

Proof. We show that there is such a value of aiρ1 , at which the number A =
(a1, a2, ..., ai ρ, ..., an) is the correct number. By the condition of the theorem,
the error �ai is a multiple of the divisor di−1 i . The expression kidi−1 i contains all
possible multiples of di−1 i .

Thus, there will be at least one value of ki = ρ1, at which:

�aiρ1 = ρ1di−1 i , (18)

and

a1ρ1 = ãi − �aiρ1 . (19)

We show that A(ρ1) is the only correct number from the set of numbers of the form
A(ki ).

Suppose there is such a value:

a1ρ2 = ãi − ρ2di−1 i , (20)
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at which the number A(ρ2) is also correct. Then, in accordance with lemma, the
number:

A(ρ1) − A(ρ2) = (0, ..., ai ρ1 − ai ρ2 , ..., 0), (21)

is correct. If the number A(ρ1) − A(ρ2) is correct, then in accordance with lemma we
have:

(ρ2 − ρ1)di−1 i ≡ 0(modd1−i )

(ρ2 − ρ1)di−1 i ≡ 0(modd2−i )

...

(ρ2 − ρ1)di−1 i ≡ 0(moddn−i )

(22)

If i �= n, then the only correct number A(ρ1) − A(ρ2) is the zero code word. This
is due to the fact that di−1 i �= 0 and di−1 i is not equal to the GCD of the dividers
d1i , d2i , ..., dni .

Moreover, inequality di−1 i �= [d1i , d2i , ..., dni ] contradicts the condition of
arbitrary choice of bases m1, m2, ...,mn . Therefore, the following equality holds
A(ρ1) − A(ρ2) = (0, 0, ..., 0, ..., 0).

Thus, ρ1 = ρ2, that confirms the uniqueness of existence ρ1, at which:

A(ρ1) = (a1, a2, ..., ai ρ1 , ..., an), (23)

is correct. Q.E.D.
Thus, the developed method of error correction in the SRC allows to extend the

class of corrected errors. This greatly expands the corrective possibilities of the
L-codes in the class of deductions.

Consider the operation of the device for detecting errors using L-codes, in accor-
dance with the above algorithm. This device contains the input register, modulo
adders mi and d1i (i = 2, n) and (n − 1)—the input element OR (see Fig. 2).

The algorithm of operation of this device corresponds to the error detection
algorithm developed above [25].

As can be seen from the considered materials of the performance of the error
correction operation, using the L-codes, the error detection process is implemented
extremely simply.

The time of error detection for the SRC given by any system of bases is always
equal to three conditional time ticks and does not depend (as is observed for R-codes)
on the number n of information bases [26].

The above-discussed variants of devices for detecting errors in the SRC make it
possible to guarantee the detection of a number A, distortion, however, this does not
determine the number of the base on which the residue was distorted [22].
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Fig. 2 Device for detecting errors

4 Conclusion

The need to eliminate threats and destructive factors of progressive information and
technological development of the national economy became the basis for substantia-
tion of conceptual and practical provisions for the formation of a secure information
environment. It is proved that strengthening the information security of the busi-
ness entity should be based on ensuring the reliability, confidentiality, integrity of
information. It is established that modern methods and means of information and
communication and digital technologies cannot entirely provide full protection and
reliable processing of ever-growing arrays of information. Therefore, the basis for
ensuring the information security of enterprises is determined by improvement of
methods of errors diagnosis and correction in the system of residual classes.

Thus, the error correction algorithms in the SRC with mutual in pairs non-simple
bases make it relatively easy to implement a procedure for detecting and correcting
one-time errors [27]. The considered scheme of detecting and correcting one-time
errors makes it possible to localize the erroneous base and correct the error in one
residual in just five conventional time ticks for any number of the SRC bases. The
main advantages of the L-codes in the SRC is the simplicity of the procedure for
detecting the location of an error and its localization. By the simplicity of decoding
schemes, the L-codes have no analogues, both in the PNS and in the SRC.
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Contribution Ukraine’s Sustainable
Energy Development (Modelling
and Forecasting)

Volodymyr Onyshchenko , Olha Komelina , and Igor Shchurov

Abstract Formation and development peculiarities of Ukraine’s sustainable energy
development and its energy efficiency potential use have been determined. The
characteristics of sustainable energy development model are complexity, multilevel,
multifactorality, the presence of specific peculiarities and interdependencies of its
components, their functions and parameters. The methodology for assessing energy
efficiency potential requires non-standard approaches use in the study of external
and internal factors impact on the national economy effectiveness to the criterion of
energy efficiency. It is important to take into account the dynamics of changes in
the vector and the strength of the factors influence depending on the world energy
markets, domestic goods and services energy intensity, markets’ structure changes
and competition conditions. The strategic objectives of Ukraine’s sustainable energy
development are to increase the level of energy efficiency and ensure the country’s
energy security.

Keywords Sustainable development · Sustainable energy development ·
Potential · Energy efficiency ·Model

1 Introduction

Problems of energy saving and energy efficiency of the national economy have been
widely covered in theworks of foreign and domestic scientists. Analytical assessment
of recent research in this area shows the diversity of methodological and method-
ical approaches to the formation of a sustainable energy development model. As a
rule, in these researches, the study and structuring of the national economy energy
efficiency potential is carried out on the basis of a resource approach to assess the
national economy energy efficiency potential [1–10]. In general, scientific works
of domestic and foreign scientists highlight different approaches, methods, mecha-
nisms for implementing energy and resource-saving measures at micro, meso and
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macro levels, as well as various approaches to energy efficiency management [5,
6]. However, these publications do not provide a systematic understanding of the
formationpeculiarities of a national economysustainable energydevelopmentmodel,
taking into account its energy efficiency potential [1–3].

Modern domestic and foreign scientists works referring creating a methodology
of sustainable energy development require some adaptation to the national economy
realities taking into account the actual information on energy resources availability
and efficiency, forecasting changes concerning their potential increase, application
of strategic management and planning tools.

The purpose of the article is to investigate the peculiarities of forming aUkraine’s
sustainable energy development model taking into account the its energy efficiency
potential.

Bibliography Review
The concept of sustainable development inmodern interpretation began to be actively
used in scientific publications, world governmental policy, international documents
in the 1980s. In 1992, at theUNWorld Summit (Rio de Janeiro) with the participation
of more than 180 countries, many international organizations and leading scientists,
the “Agenda for the XXI Century” was adopted. It created the basis for the formation
of sustainable development doctrine as a set of ideas, concepts, positions and postu-
lates of various sciences, in particular philosophy, sociology, economics, ecology,
which have already formed the basis of UN documents and individual countries. The
main task of the transition to the sustainable development model is to expand the
opportunities for economic growth of countries through changes in the relationship
system between human being and nature as well as the introduction of a coordinated
global strategy for human survival, which aims to ensure long-term continuous devel-
opment that meets the needs of the people living today, without harming the needs
of future generations.

Important aspects of sustainable development are covered in the works of foreign
researchers: Jovane F., Yoshikawa H. [11], Onishi A. [12], Blinc R., Zidan’sek A.,
Slaus I. [13], ClarkG. [14], JegatheesanV., Liow JL, Shu L., KimSH,VisvanathanC.
[15], Goncz E., Skirke U., Kleizen H., Barber M. [16], Hughes B., Johnston P. [17],
Kotabe M., Murray J. [18]. The works of domestic scientists Doguntsov S, Dolishny
M, Tregobchuk V [19, 20], are connected to the development of basic conceptual
provisions of Ukraine’s sustainable development.

In the context of Ukraine’s European integration strategy implementation and
its transition to a sustainable development model, a number of reforms has also
been carried out. The National Report “Sustainable Development Goals: Ukraine”
provides a vision of the guidelines for Ukraine’s Sustainable Development Goals
achievement,whichwere approved at theUNSummit onSustainableDevelopment in
2015. The increase of energy efficiency level and green energy share in the country’s
energy balance are strategic objectives of sustainable development of Ukraine.

Currently, the EU countries have developed a pack of documents in the field
of energy efficiency (“Energy 2020. A strategy for competitive, sustainable and
secure energy: Communication from the Commission to the European Parliament,
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the Council, the European Economic and Social Committee and the Committee of
the Regions”; “EU Energy Efficiency Policy - Achievements and Outlook”; “EU
Energy trends to 2030” [22–24]. The European Commission has adopted a strategy
“European Green Deal” in order to make EU’s transition to climate-neutral develop-
ment by 2050. This was taken into account during the formation of the concept and
legal framework for sustainable energy development in Ukraine, the Energy Strategy
development by 2035 “Security, Efficiency, Competitiveness” and its modernization
by 2050, the implementation of active energy reform, regulatory renewal provision
for Ukraine and the EU’s energy systems integration in 2023.

Main material. Sustainable development national economic model formation is
carried out under the influence of economic laws and objective laws at a certain
stage of economic development, and the globalization processes which take place
in the world economy determine its transformation. An effective national model
of sustainable development is able to ensure an appropriate level of population’s
welfare at a certain stage of social development. In modern conditions, such model
formation factors are objective economic, environmental, innovation and investment,
technical and technological, social, political, cultural and other processes. InUkraine,
energy security and energy efficiency are key factors in the transition to a sustainable
functioning model of the national economy, and its features determine the content
of sustainable energy development national model.

Perspective tasks of Ukraine’s sustainable energy development on the basis of
green energy transition are:

wide implementation of “clean” technologies and on this basis ensuring the trans-
formation of industrial production and export structure with the predominance of
goods with high added value;
increase of the economy energy efficiency to the European level and decrease of
the energy consumption scale;
maximum deployment of renewable energy sources (hereinafter—RES) and
electrification;
transition to environmentally friendly transport;
introduction of a “circular” economy (closed cycle economy);
development of “intelligent” networks and communications;
expansion of bioenergy and natural carbon sequestration technologies;
absorption of CO2 emissions due to carbon capture, storage and utilization
technologies.

Themain features of sustainable energydevelopmentmodel are complexity,multi-
level, multifactorality, the presence of specific peculiarities and interdependencies
of its components, their functions and parameters. The methodology for assessing
energy efficiency potential requires non-standard approaches use in the study of
external and internal factors impact on the national economy effectiveness to the
criterion of energy efficiency and its energy security.

In order to assess the Ukraine’s sustainable energy development model, the
macroeconomic indicators of the national economy were studied, the dynamics of
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vector change and the strengths of key factors influence of its formation were deter-
mined (Table 1). In order to assess the peculiarities of such amodel formation, energy
efficiency indicators and macroeconomic indicators were used.

Analytical data show that in 2007–2019 the economy of Ukraine functioned
unstable under internal and external factors influence. This significantly limited the
country’s transition to sustainable energy development. At the same time, the avail-
able statistical base does not allow to take into account the influence of such factors

Table 1 Dynamics of the main macroeconomic indicators of Ukraine (2007–2019, in actual prices,
UAH million)

Indicator 2007 2010 2013 2016 2019

Changes in commitments and net wealth

Net savings 104,146 82,311 −48,293 143,958 51,888

Capital transfers received from other
countries

136 95 192 230 72

Capital transfers paid to other
countries

−121 −31 −26 −24

Total (changes in net wealth at the
cost of savings and capital
transfers)

104,161 82,375 −48,101 144,162 51,936

Changes in assets

Gross fixed capital formation 198,348 195,927 263,661 368,691 252,071

Fixed capital consumption −73,071 −115,338 −200,903 −313,522 −122,346

Working capital inventories change 4685 3616 −13,761 148,581 −123,678

Acquisition excluding disposal of
valuables

285 375 208 929 156

Acquisition excluding disposal of
non-produced non-financial assets

−1414 671 −2144 −24

Net lending (+), net borrowing (−) −26,086 −791 −97,977 −58,373 45,757

Total 104,161 82,375 -48,101 144,162 51,936

Energy consumption and energy efficiency

Final consumption of FER, thousand
tonnes of oil equivalent)

85,956 74,004 69,558 51,649 49,359

Energy efficiency indicator (NW
increase/FER consumption)

1,212 1,113 −0,692 2,791 1,052

GDP, UAH billion 720,7 1120,6 1522,7 2385,4 3974,6

Energy efficiency indicator
(GDP/FER costs)

0,008 0,015 0,022 0,046 0,081

FER final consumption, thousand
tonnes of oil equivalent

85,956 74,004 69,558 51,649 49,359

Energy efficiency indicator (NW
increase/FER costs)

1,212 1,113 −0,692 2,791 1,052

Source Compiled according to data [25, 26].
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as changes in world energymarkets, energy intensity of domestic goods and services,
changes in the structure of these markets and their competition conditions.

Energy efficiency is themost important criterion for the necessary potential forma-
tion for sustainable development of the state. Energy efficiencymeans the optimal use
of fuel and energy resources (FER), taking into account the existing levels of tech-
nological development and current environmental requirements. The main indicator
of energy efficiency is the specific energy consumption per unit of useful product in
all spheres of human activity (economy, technology, life). In the national economy,
this indicator is the energy intensity of gross domestic product (GDP). The energy
efficiency indicator of GDP is a value that is the inverse of energy intensity, which
means the ratio of GDP to the total value of used FER

Eei(1) = GDP

FERcosts
(1)

The GDP indicator cannot be considered as a well-founded indicator of the final
result. It does not take into account the social effect of economic activity and the
energy factors impact. Some scientists [25] suggest considering the magnitude of
the increase in national wealth (NW) to the cost of all energy resources as an indi-
cator of energy efficiency. NW is a more comprehensive indicator, which includes an
assessment of natural resources, human (labor resources) aswell as social andproduc-
tive capital of the country; is a comprehensive indicator of life quality, considering
income, environmental situation, living potential level, person’s moral satisfaction
state in life and society.

The energy efficiency indicator according to the second approach is determined
by the following way:

Eei(2) = NWincrease

FERcosts
(2)

This indicator more fully reflects the final effectiveness of energy activity—the
growth of the NW as an indicator of life quality allows to conduct more reasonable
cross-sectoral comparison, and most importantly—to assess the multiplier effect
not only of energy costs, pricing, technological modernization, export and import
policy, but also the choice of priority areas in the structural as well as social and
environmental policy of the country.

In order to identify the formation features of Ukraine’s sustainable energy devel-
opment model, the dynamics of the main Ukraine’s macroeconomic indicators for
the period of 2007–2019 (Table 1) were considered taking into account its energy
efficiency.

The dynamics of change in the studied indicators reflects the lack of a stable and
effective state policy to ensure sustainable energy development (Fig. 1).

In order to identify the peculiarities of Ukraine’s sustainable energy development
model formation, considering the potential of its energy efficiency, appropriate calcu-
lations have been conducted and factors that affect thefinal consumption of FER in the
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Fig. 1 Dynamics of energy efficiency indicators of Ukraine for 2007–2019

national economy have been selected. The most significant factor is “Capital invest-
ments”—an important catalyst for production processes, stable economic develop-
ment of entrepreneurship and the country in general. The nature of the dynamics
of capital investments volume attracted to the national economy, as well as “envi-
ronmental investments” volume (capital investments and current expenditures for
environmental protection) provide an opportunity to assess the threats and oppor-
tunities for sustainable energy development. Indicator “household income” shows
features of households investment potential formation referring the introduction of
energy efficient technologies and energy consumption.

The number of selected factors for constructing Ukraine’s sustainable energy
developmentmodel, considering the potential of its energy efficiency necessitates the
use of multiple correlational and regressional analysis to quantify the bonds between
statistics that characterize individual social and economic processes (Table 2).

The mathematical form of the relationship between factors and output indica-
tors (regression analysis) has been established and the closeness of this relationship
(correlation analysis) has been determined.

The effective indicator Y—final consumption of fuel and energy resources
(thousand tons o. e.)—is presented in the form of a power multifactor model

Y = a0 · Xa1
1 · Xa2

2 · Xa3
3 (3)

where X1—capital investments and current expenditures for environmental
protection, UAH billion;

X2—household income, UAH billion;
X3—capital investments, UAH billion.

The model is built using the MS Excel spreadsheet editor and the “Solution
Search” add-on. The solution of dependence (3) is equation:
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Table 2 Dynamics of factors change that have an impact on the final consumption of FER in the
economy of Ukraine

Period Capital investments and
current expenditures for
environmental protection,
UAH billion

People’s income, UAH
billion

Capital investments, total,
UAH billion

2007 9,69 623,29 222,68

2008 12,18 845,64 272,07

2009 11,07 894,29 192,88

2010 13,13 1101,18 189,06

2011 18,49 1266,75 259,93

2012 20,51 1457,86 293,69

2013 20,38 1548,73 267,73

2014* 21,93 1516,77 219,42

2015* 24,59 1772,02 273,12

2016* 32,49 2051,33 359,22

2017* 31,49 2652,08 448,46

2018* 34,39 3248,73 578,73

2019* 43,74 3699,35 623,98

Note * Excluding the temporarily occupied territory of the Autonomous Republic of Crimea,
Sevastopol and part of the temporarily occupied territories of Donetsk and Luhansk regions.
Source Compiled according to data [25].

Y = 659799, 2 · X−0,293
1 · X0,074

2 · X−0,06
3 (4)

The results of the calculations are presented in Figs. 2 and 3.
The obtained results allow to conclude about Ukraine’s sustainable energy devel-

opment model formation. For multifactor power regression (2) Multiple correlation
coefficient is 0.89, which indicates a close relationship of Y with factors X1, X2,

Fig. 2 The results of the final fuel and energy resources consumption modeling on the basis of
multifactor power dependence
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Fig. 3 Graphic representation of the final fuel and energy resources consumption forecasting results
on the basis of multifactor power dependence

X3, as well as the proximity of the selected mathematical model to the selected
data. According to Fisher’s criterion F (4,26)= 20,395, which significantly exceeds
the critical tabular value and indicates the importance of the relationship. Thus, the
constructed model has a fairly high quality forecast (88.3%).

Positive coefficients values of independent variables of the constructed sustain-
able energy development model indicate an increase in final consumption of fuel
and energy resources with increasing influence factors, negative on the contrary, a
decrease. The conducted calculations made it possible to forecast the final consump-
tion of fuel and energy resources on the basis of multifactor dependence and to
determine the main dependencies in the Ukraine’s sustainable energy development
model formation.

2 Conclusions

The effect of natural and economic laws of sustainable energy development model
formation is closely related to many different key (permanent) and random factors,
which indicates its objective propensity to the equilibrium loss risk. The slow “green”
energy transition may lead to a deepening of crisis processes in the economic devel-
opment of Ukraine and increase the negative social and economic consequences for
citizens. Ukraine’s transition to a climatically neutral economy requires the state to
attract investments of up to 5% of GDP annually. Households play a huge role in
these processes. Households demand for energy equipment, heating, vehicles and
their investments into energy efficiency also affect the formation of the country’s
economy technological structure, the development of renewable energy, the use of
“smart” energy management systems etc.
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Thus, Ukraine’s transition to the sustainable energy development model requires
the improvement of regulatory policies and economic incentives mechanisms, envi-
ronmental supervision and monitoring, improvement of overall methodological
approaches to regulating the polluting enterprises activities. Further study of sustain-
able energy development model formation requires a systematic study of the rela-
tionship of economic, environmental and social indicators, identification of existing
laws, conducting the necessary assessments and conclusions. This will create an
objective basis for improving the management system at the macro and micro levels
to ensure energy security and the transition to energy efficient and energy saving use
and consumption of energy resources with innovative technologies implementation.
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Abstract The article reveals the content of the economy digitalization as a chal-
lenge to the financial security of the state. The main advantages and additional
opportunities for the national economic system from the introduction of informa-
tion and telecommunication technologies are investigated. A comparative analysis
of the level of implementation of innovations and digital technologies in Ukraine
and other countries worldwide is carried out. It is substantiated that efficiency of the
financial system in the face of the challenges associated with digital transformation
is crucial in the development and maintenance of socio-economic stability of the
state. A meaningful description of the financial security of the state is given, taking
into account the concept of the information society. Risks, preconditions and factors
of emergence of threats to financial security of the state in the conditions of digital-
ization are revealed. Amulti-criteria description of threats to the financial security of
the state in the process of digital transformation is given. The low level of protection
against digital threats in Ukraine is revealed due to technological unpreparedness for
introduction of innovations and digital technologies. It is established that ignoring
the negative impact of fundamentally new threats, such as the cryptocurrencymarket,
electronic payment services, cybercrime in the financial system and spread of misin-
formation, makes it impossible to ensure financial security. It is substantiated that
indicators of digitalization processes should be taken into account in order to identify
modern threats, objectively assess their impact and form priority areas for ensuring
the financial security of the state.
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1 Introduction

Under modern conditions, introduction of innovations and digital technologies in all
spheres of the national economy is transformed from a simple method of improving
the quality of life into a driver of global economic development, which provides
increased business efficiency. Digitalization of the economy based on real-time data
exchange, in the progressive development of the knowledge economy, informati-
zation and computerization of public relations provides opportunities for signifi-
cant competitive advantages, increased productivity and reduced production costs,
creating new business models and new forms of business, significant economic
growth.

The concept of information society [2–5, 7] from the standpoint of economic
and financial security [8–11] at different levels of the social hierarchy, along with
undeniable advantages and additional opportunities is a catalyst for new challenges,
risks and threats, which without the appropriate regulatory framework to be adopted
at the stage of digital economy and ensure a high level of competition, efficiency
of the institutional environment, the formation of skills in modern information and
communication technologies, improving the quality of training and stimulating life-
long learning, can cause significant damage and create obstacles to the development
of the digital economy and ensuring the financial security of the state.

Dynamism of the environment, associated with the processes of globalization
and digitalization, necessitates constant broad monitoring of risks, challenges and
threats to the financial security of the state. Comprehensive analysis of trends in
the financial system of the state, timely response to negative changes, adaptation
to new conditions, systematization of existing threats, counteraction to existing and
elimination of possible risks on the basis of preventive approach is especially relevant
in modern conditions. There is a need to introduce modern tools and technologies for
analysis, detection and control of risks and threats to financial security of the state,
especially in the context of digitalization.

2 Research of Theoretical Foundations of Innovation
and Digital Technologies Impact on the State Financial
Security

Introduction of information and communication technologies is the fourth industrial
revolution, which forms a new technological way, based on production of equip-
ment that uses information and communication technologies and related software.
In general, the transformation processes in the context of digitalization can be divided
into social and economic. However, this division is conditional, because formation of
a new social (digital) environment through the development of new ways of commu-
nication is closely interconnected and leads to the emergence of new activities, as
well as digitalization of certain sectors of the economy.On the other hand, it was rapid
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development of computer technology, information and telecommunication technolo-
gies that served as a catalyst for the formation of society, strives for the improvement
and interaction of business, science and technology.

In today’s world, the term “digitization” is used in both narrow and broad sense. In
a narrow sense, the process approach under digitalization means conversion of infor-
mation into digital form, which usually reduces various costs (tangible, intangible,
labor), to create additional opportunities, in particular, for economic development
etc. In a broader sense, digitalization is interpreted as a modern trend of global
socio-economic development, based on transformation of information into a digital
form.

Adhering to the broader definition of digitalization, the World Bank experts note
that the digitalization of the economy not only stimulates economic growth, but also
significantly accelerates its pace. This is the basis of the most common and fairly
broad definition of the digital economy as a result of digitalization of economic
relations, proposed by the World Bank, according to which the digital economy is
considered a new paradigm of accelerated economic development based on real-time
data exchange [12].

In 1995, an American computer scientist Nicolas Negroponte in his book “Being
Digital” [13] formed the concept of electronic economics and introduced the term
“digitalization”. The term “digital economy” was first proposed in 1995 by Canadian
economist and business consultant Don Tapscott in his book “Digital Economy”
[14], who highlighted the following major implications of the digitalization of the
global economy: reduction of transaction costs; emergence of new business models;
exclusion of intermediaries due to direct relationship between the manufacturer and
the buyer of products (goods, work, services).

Digitalization is one of key characteristics of a new digital economy, a new type of
socio-economic structure,which is gradually formedwithin the post-industrial period
of economic development through implementation of achievements of scientific and
technological progress and innovative methods of management, intellectualization
of human capital, use of advanced new technologies, accelerated development of
knowledge-intensive sectors of the economy, giving priority to the production of
knowledge and services and formation of mentality of a creative, effective, rational
business [18].

The level of innovations and digital technologies implementation in the country
is reflected by the system of indicators. These indicators, according to the World
Bank experts, include indicators of access to technologies, the type and content
of digital technologies introduced in the country and the willingness to introduce
the latest technologies [19]. Analysis of the key indicators that reflect the level of
innovations and digital technologies implementation (see Fig. 1) shows that Ukraine,
in comparison to other countries, is introducing digital technologies at a much slower
pace, and in terms of use of robots in industry is at one of the lowest positions.

However, readiness to introduce innovations and digital technologies actualizes
the problem of the financial security of the state. Effectiveness of the financial system
functioning in the face of challenges associatedwith digital transformation is decisive
in matters of development and ensuring the socio-economic stability of the state.
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Fig. 1 The level of innovations and digital technologies spread in different countries

Continuous monitoring and control of risks to financial stability through current and
strategic analysis of indicators of the financial system development, in particular the
availability, placement and use of internal and external financial resources at the state
level, the formation of state and local budgets, balance of payments etc., is the key
element of ensuring financial security of the state based on the proactive approach
and prevention of the implementation of threats.

An untimely response to the existing challenges of society informatization or its
lack leads to emergence and spread of a threat; it is a stage of extreme aggravation of
contradictions, the most specific and immediate form of danger or a set of conditions
and factors that endanger the interests of citizens, society and the state in the financial
sphere [16].

Summarizing the results of research ofUkrainian and foreign scholars on the prob-
lems of ensuring financial security at the macro level (A. Baranovskyi, S. Varnaliy, V.
Muntiyan, S. Onyshchenko and others) we are inclined to think that financial security
of the state is the degree of financial interests of the state protection, the status of the
financial,monetary, budgetary, tax, currency, banking, investment, payment and stock
systems; it is characterized by balance, resistance to internal and external negative
influences, ability of the state to effectively formand rationally usefinancial resources
sufficient to meet its needs by fulfilling obligations and ensuring socio-economic
development [8].

Emergence of imbalances under the influence of digitalization by components
of financial security of the state, including such components as budgetary, debt,
monetary, foreign exchange, banking and non-banking financial sector, is a source
of threats, the degree of influence of which can only be determined on the basis of
constant monitoring of the system of indicators and their comparison with standard
values. It should be noted that not all scientists share this approach, defining other
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components of the financial security of the state, that include other areas of emergence
of threats, such as security of insurance market, corporate sector and the like.

No threat emerges by itself; it is preceded by risks and challenges. Thus, risk is
understood as the possibility and the likely scale of consequences of an adverse event.
Risk in the information society is an integral part of any system functioning, including
the financial security of the state, and it can have such economic consequences as
negative, zero or positive impact. In turn, objectivity of the risk itself lies in the fact
that it is a form of qualitative and quantitative expression of existing uncertainty of
the environment. At the same time, risk is always associatedwith the choice of certain
alternatives and calculation of their result probability; this manifests its subjectivity
[17].

It should be noted that a threat occurs only when a risk event has occurred or has
significant chances of occurring, but its negative consequences are delayed in time,
and there is an opportunity to counteract the negative influences. This process is
answer to challenge. Thus, threats to financial security of the state in the context
of introduction of information technologies are existing or potentially possible
processes, phenomena, conditions and factors that create a danger and hinder the
realization of national interests in the financial sphere.

Digitalization carries a number of risks that lead to challenges associated with
the adaptation of macroeconomic processes in the transformation of their own form,
namely the transition to a digitalized computer network. That iswhy a timely response
to challenges of digital transformation and use of preventive principle in ensuring
the financial security of Ukraine is of particular relevance. However, analysis of
the indicators of financial security of Ukraine, determined by current guidelines for
calculating the level of economic security, shows that impact of digital transformation
in Ukraine is not reflected by any of the indicators, in particular, the indicators of
the shadow economy in the financial sector, which has also undergone the process of
digitalization.This creates significant difficulties in taking into account the challenges
of digital transformationwhen identifying threats to the financial security of Ukraine.

Summarizing the results of the previous studies, we can highlight the main
opportunities and advantages of digitalization of the economy, presented in Fig. 2.

Thus, for financial security of the state, which aims to protect and harmonize the
national economic interests in financial sphere at the state level, there is a complex
process of monitoring risks, responding to challenges in implementation of inno-
vations and information technologies and counteracting the spread of threats and
reducing or neutralizing their impact. Complexity of this process in the current
conditions of financial system of Ukraine is expressed in the slow adaptation to
global digitalization processes and the emergence of new threats that require, in
addition to timely detection, monitoring and evaluation of their possible impact.

Threats in the context of digitalization, in contrast to key factors of the market
environment, such as supply or demand, can be latent or artificial. That is why
constant systematization of real threats has function of preventing future crises by
anticipating and finding potential threats, testing hypotheses in new areas of financial
activity, monitoring risks, since constant development of the economy causes risks
and threats in conservative industries. Therefore, broad classification and constant
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systematization of threats should become the basis for such activities to identify and
prevent threats under digital transformation, which the state and the financial security
of the state should be aware of and ready for targeted action to combat or overcome
problematic phenomena.

In terms of today’s conditions, it is important to take into account peculiarities of
financial systemof the state functioningwhile studying threats to its financial security.
Thus, there are almost “classic” threats to financial security of the state, in particular:
imperfection of fiscal policy and misuse of budget funds, inefficiency of the tax
system,massive tax evasion, significant amounts of public and state-guaranteed debt,
problemswith its service, sharp changes in prices and the exchange rate of the national
currency, a significant difference in the ratio of income of the most and least well-off
population and insufficient social protection of certain groups, low capitalization of
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the banking system, small long-term bank lending and high interest rates on loans,
dependence of economic reform on foreign loans, low level of investment activity,
growth of the “shadow” economy, increase in its criminalization, illegal outflow of
foreign currency abroad [11]. At the same time, there are threats related to digital
transformation, in particular: cyber-terrorism and cybercrime, insufficient efficiency
of state regulation of the financial and credit sphere in terms of digital transformation,
and others.

The degree of internal and external threats influence on the financial system is
constantly changing due to the dynamic conditions of society activity, national and
world economic systems, which are primarily influenced by the new for historical
discourse process of digitization of social and financial relations, aswell as incredible
size of production globalization, politics and economics. It is difficult even to deter-
mine unambiguously whether these are internal threats to financial security condition
of the state that have really greater influence, since more and more often destructive
influence of external threats can significantly outweigh the danger from internal ones
and complex influence, most often, leads to aggregate danger strengthening.

The process of digital transformation, in addition to e undeniable benefits, is a
challenge to the financial security of the state and can be a catalyst for additional
threats, the impact of which is maximized due to systemic imbalances that have accu-
mulated and deepened over time and have not been overcome in recent years. Thus,
shortcomings of the banking and legal system enable legalizing funds obtained by
criminal means, using cryptocurrencies that facilitate the process of “money laun-
dering”. Another problem in this sector is online fraud targeting bank accounts and
personal data, which are accessed due to operational deficiencies. Thus, ignoring
the challenges of digitalization creates a situation where negative phenomena in the
financial security of the state come into synergy, and therefore, in addition to iden-
tifying and counteracting existing threats, measures should be taken to prevent new
threats through active research and institutional support of cryptocurrencies and cryp-
tocurrency, digitization of business processes, protection of the media environment
from “fake news”, digital terrorism, fraud, piracy, etc.

Protection level of Ukraine from digital threats according to the international
rating The Network Readiness Index is worth considering, with Ukraine in 2020
ranked 64th from 139 countries getting 49.43 points of 100 possible, 26 positions
lower than Latvia, 31 positions than Poland andmuch lower than European countries
with high people incomes level. Such indicators pose a threat to the beneficial devel-
opment of digitalization and mean the creation of cross-border threats to Europe,
which could worsen Ukraine’s relations with the IMF. This indicator is affected
worst by political and legal support and, thus, state and economic adaptation to
digitalization processes in whole.

The sub-indexes value The Network Readiness Index of Ukraine in 2020 is
presented in Fig. 3.

As we can see from Fig. 3 the highest negative impact on the formation of a low
value of technological readiness of Ukraine integrated index has a low economic
impact of participation in digital economy (26.17 points of 100 possible); unwilling-
ness to introduce new technologies in the future (30.5 points of 100 possible); total
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Fig. 3 The level of protection for digital threats in Ukraine

amount of innovations and digital technologies produced in countries (39.9 points
of 100 possible). Compared to other sub-indexes, the state influence and assistance
in the development of information technology is higher, but its value is generally
not high—58.19 points of 100. Thus, the level of protection for digital threats in
Ukraine is quite low, that confirms the necessity of the economy security-oriented
management and the formation of new approaches to ensuring the financial security
of the state in modern conditions.

A non-classical factor for influencing on financial security related to the intro-
duction of information technology can be identified as misinformation, which is
assessed by a number of indicators, such as the amount of suspicious financial trans-
actions being reported to the national financial intelligence unit. Misinformation
negatively affects the efficiency of the economy, GDP in particular, as a significant
part is generated in illegal economic relations. The public danger of misinformation
is reduced by turning undetected misinformation into detected misinformation, and
the high probability of detecting misinformation deters people from spreading it. An
important factor in misinformation counteracting is to protect the quality of infor-
mation provided by the authorities and security institutions, and to increase public
confidence in such data. It should ensure the trust and discipline of citizens in the
implementation of security arrangements, but government officials must also fully
adhere to the principles.

Therefore, under post-industrial globalization, new threats to financial system
are associated with the introduction of modern technics and technological progress
that requires information transparency and disclosure, market dynamics, moral and
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systemic risk. Ignoring these threats leads to them taking hold aswell as shadow insti-
tutionalization, which completely eliminates the influence of economic regulators
and requires more systematic countermeasure for them.

One of the first real threats facing financial security institutions is inefficiency
and obsolescence of the very approach to identifying and countering threats, since
new sectors of economic cooperation such as the cryptocurrency market, electronic
payment services, cybercrime in the financial system and distribution are not consid-
ered. Therefore, threats in these areas have an unlimited impact on debt, budget and
monetary security, which was especially reflected during the coronavirus pandemic.
Creation of a new reformed methodological approach to the definition of financial
threats only, taking into account new world trends and mass phenomena should be
such counteraction. At the same time, the structure of financial security needs to be
changed as a response to new challenges.

The European coalition countries and the United States are paying special atten-
tion to cybersecurity, which in recent decades has become an integral part of national
and economic security. About two-thirds of cyberattacks occur in the financial sector
[20], due to particular attractiveness of potential benefit, such as user data theft, solic-
itation of payments for information recovery, and due to low security of individuals,
because of their differentiation and non-secure technical connection. Along with the
impetus for the active digitalization of financial relations caused by the pandemic,
the urgency of digital security issues has reached a new level and requires imme-
diate actions. Thus, an important disincentive is the anonymity of the Internet, which
makes it difficult to detect and combat crime. Ukraine is defined as a country with
a high historical level of cyber threats and cybercrime [20]. Therefore, combating
digital risks and threats is an important strategic goal for Ukraine to improve invest-
ment attractiveness, to solve domestic problems and to consolidate with international
investors. A 30%-increase in digitalization in 2020 especially requires a large-scale
state strategy deployment.

In conclusion, it should be noted that countering risks and threats is impossible
within one country and should be expanded at the international level. Most countries
with transition economy are affected by the development of stronger economies, but
if they want to catch up with the leaders, they have to solve their problems faster.
However, stronger partners may block reforms that are moving too fast in order to
maintain their status quo. Thus, governments and financial institutions need to act
under conditions of pandemic, globalization and trade expansion, taking into account
both the actions of domestic shadow counterparties and the external aggressive envi-
ronment. Most developing countries are trying to overcome external problems by
integrating with stronger economies, as well as by adapting their fiscal policies to
specific conditions.

Countering digital risks and threats is an important strategic goal for the state
aimed at improving investment attractiveness, solving domestic problems and consol-
idating with global financial security. Effective countering the spread of threats is
based on monitoring financial security of the state, development and implementation
of appropriate strategic, tactical and operational management measures. This moni-
toring should be extended to hitherto ignored, in terms of financial security, areas
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of digital infrastructure and software. Since unforeseen threats associated with the
introduction of digital technologies are not directly affected, they usually cannot be
prevented, we can only develop the measures to reduce their impact indirectly affect
related financial security factors.

3 Conclusion

The basis of information society concept, which is intensively implemented in
modern conditions due to quarantine restrictions and additional opportunities for
digital transformation, which allows to minimize negative impact of the pandemic
and to adapt to new challenges, is the need for harmonious integration of people
and technologies that continue to evolve and improve with the emergence of techno-
logical innovations. To ensure the effectiveness of this integration, it is necessary to
implement modern security-oriented management mechanisms at the level of busi-
ness structures and the state as a whole to address the problems of their inclusion
and to ensure financial security.

In the process of digitalization, threats to financial security of the state become
stronger, the price of information increases significantly and a new infrastructure for
financial activities is created. Therefore, measures to prevent threats to state financial
security are especially important in the context of digital infrastructure and software
protection.

The primary problem of state financial security at the present stage is the failure
of existing institutions to take into account the challenges of digital transformation,
inefficiency and outdated approach to identification of threats and negative security
factors. The outdated list of state financial security indicators does not reflect the
current threats in the context of digitalization and new sectors of economic coopera-
tion, such as cryptocurrency market, electronic payment services, cybercrime in the
financial sector and dissemination of false data. That is why, threats in these areas
have unlimited impact on debt, budget and monetary security as parts of financial
one. Therefore, to identify the current threats to financial security in the economic
security of the state an indicator approach must be used, but with respect to the
processes of digitalization.
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Alternative Energy Construction
in Ukraine: Analysis and Economic
Feasibility

Volodymyr Onyshchenko , Svitlana Sivitska , Anna Cherviak ,
and Volodymyr Datsenko

Abstract In modern terms, solving the problem of improving Ukraine’s energy
security is considered through the possibility of using the alternative energy market
potential, the prerequisite for effective regulation of which is to determine strategic
priorities for its development, creating an appropriate institutional environment and
regulatory framework.

The state and prospects of alternative energy development and direct construction
of renewable energy generation facilities in Ukraine are analyzed. The structure of
energy consumption according to the categories of energy consumers is studied. The
logical sequence of direct and indirect impact of construction of renewable energy
sources on the economic stability and security of the country is determined. It was
analyzed the growth tendency of using non-traditional energy in context of the state,
households and comparison of the energy security level in European countries.

One of the main ways to restore and further develop the country’s economy is its
transition to using and generation of «green energy», as RES-related projects will be
cost-effective and help attract investment.

Keywords Alternative energy · Construction of power plants · Renewable
sources · Non-traditional energy sources · Energy security · Economic security

1 First Section

1.1 A Subsection Sample

At the beginning of the XXI century for mankind, the constant provision of energy
needs without harming environment has become extremely important. Given this,
using of alternative energy sources has global perspective for the further successful
civilization development. Currently, there are world phenomena that violate the
stability of civilized development of society:
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– traditional energy sources are exhausted;
– cost increase of extraction;
– intensive environmental pollution;
– destruction of the biosphere;
– excessive amounts formation of organic waste from industrial, agricultural and

domestic origin.

In this context, the development of alternative energy is relevant and requires
intensification of investment processes in this area.

A significant contributions in problems of energy security assessment and ways to
ensure it research were made by follow scientists V. Barannik, S. Bevz, Z. Varnaliy,
D. Voloshin, A. Galchinsky, V. Geets, V. Gorbulin, G. Darnopikh, O. Zakrevsky, I.
Zaremba, M. Zemlyany, D. Zerkalov, Y. Kolesnyk, V. Ksyonzenko, A. Sukhorukov,
O. Serdyuchenko, A. Shevtsova, V. Shlemko, A. Shchokin, O. Yuspin and others,
these problems are covered in hearings of foreign scholars, such as: L. Abalkin, L.
Goncharenko, P. Kanigin, V. Kryukov, K. Samsonov, V. Senchagov, A. Tatarkin, D.
Sher and others. Problems of development oil and gas complex were dealt by P.P.
Borshchevsky, Y.V. Vytvytsky, I.V. Diak, E.I. Kryzhanivsky, N.A. Mamontova, A.V.
Nikonov, V.O. Onyshchenko, V.L. Saprykin, I.I. Temnenko and other.

Ukraine’s national security directly depends on purposeful state policy to protect
its national interests in the political, economic, social and environmental spheres.

The national economy’s development and effective functioning directly depends
on ensuring economic security. In turn, energy security is its component, which level
is characterized by the availability of natural resources.

One of the main factors limiting Ukraine’s economic security is its high energy
dependence on from energy imports. In today’s conditions, it is undeniable that
without solving the problem of energy supply, it is impossible to successfully imple-
ment economic, scientific, technical and social programs aimed at ensuring stability
of the national economy. Therefore, ensuring the energy security of the state is deter-
mined by the priority of state policy at the present stage of development of the
Ukrainian economy.

Today, energy sources are divided into traditional and alternative. The traditional
minerals include—oil, gas, coal which are non-renewable. It is their exhaustion and
impact on the planet’s ecology (gas emissions from the combustion of minerals) that
motivate to find alternative solutions in energy supply.

According to the LawofUkraine «OnAlternative Energy Sources» [1], alternative
energy sources are renewable energy sources, which include solar, wind, geothermal,
hydrothermal, aerothermal, wave and tidal energy, hydropower, biomass energy,
organic gas waste, sewage treatment plants, biogas and secondary energy resources,
which include blast furnace and coke oven gases, methane gas, degassing of coal
deposits, conversion of waste energy potential of technological processes.

Alternative energy [1]—the field of energy, which provides electrical production,
thermal and mechanical energy from alternative energy sources.

Ukraine has sufficient potential for the development of renewable energy sources
and the replacement of traditional fuel and energy resources (Fig. 1).
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Fig. 1 Map of integrated and aggregate potential of alternative Ukraine energy by regions and
types

The development of alternative energy and power plants construction will have a
direct impact on the country’s economy, and RES-related projects will help address
energy issues to communities and stimulate economic processes, creating jobs,
boosting business, replenishing budgets at various levels (Fig. 2).

The National Commission State Regulation of Energy and Utilities [2] has elec-
tricity consumption statistics data. Electricity consumption for all consumer groups
decreased, except agricultural consumers and population category, as can be seen
from Table 1. This trend is related to the pandemic and quarantine restrictions that
have been introduced in Ukraine. Thus, work in almost all industries was switched
to remote or «online» mode, so population electricity consumption increased. Agri-
cultural work did not require significant contact with population and need in food
(cereals, grain, wheat, etc.) only increased.

Thus, even during the global crisis, energy consumption did not decrease signif-
icantly, and RES market participants provided electricity and received passive
income.

Thus, as for the installed capacity of RES, according to Ukrenergo [3] since
2017 there is a tendency to increase. The increase in energy MW in the solar power
sector is particularly clear, especially the sharp jump in 2019 when it increased from
1224.8 MW in 2018 to 3537.3 MW in 2019 (Fig. 3).

According to the National Commission State Regulation of Energy and Utilities
(NCRECP) in 2019, «green» tariffs were set for 511 electricity facilities that produce
electricity from alternative energy sources.
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Fig. 2 The sequence of
connection between RES
facilities construction and
country’s economy

Table 1 Electricity consumers groups in 2017–2020

Consumer groups/year 2017 2018 2019 2020

Net consumption 118927,05 122143,54 120219,40 117906,90

Industry 50952,02 52023,10 51154,60 49307,40

Agricultural consumers 3642,09 3867,79 3710,00 3796,90

Transport 7044,00 6955,04 6603,30 5712,50

Construction 891,78 964,39 967,40 956,80

Com.-life. I lived 15016,29 15506,41 15066,20 14195,80

Other industry. Consumed 6361,02 6880,06 7482,00 7383,30

Population 35019,86 35946,77 35236,00 36554,10

The total installed capacity of electricity facilities that produce electricity from
alternative energy sources and which have a «green» tariff in 2019 is 4,249.6 MW
(of which wind farms—637.1MW, SES—3,537.3MW, biomass/biogas—71.3MW,
micro-, mini- and small hydropower plants—3.9 MW). At the same time, in 2019,
due to the entry into force of the new electricity market and need to obtain licenses
in accordance with new licensing conditions for electricity production, there was an
additional adjustment of total electricity facilities installed capacity power projects
based on the power of current generators located on the site [2].
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Fig. 3 Installed capacity of renewable energy sources for 2014–2020

The construction and commissioning of new electricity facilities producing elec-
tricity from alternative energy sources will increase employment in energy sector
and increase the number of new jobs.

As 01.01.2020, the energy sector related to the production of electricity from
alternative energy sources employs 7,840 workers [2]. The dynamics of the number
of economic entities and electricity facilities that produce electricity from RES is
shown in Fig. 4.

According to the Ukraine State Tax Service [4] in 2019, participants in the alter-
native energy market paid 19.8 billion UAH to the budgets of all levels, which is on

Fig. 4 Subjects and objects figures dynamics for the RES electricity generation
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three times more than paying taxes to the coal sector. In 2009–2019 period operators
of RES installations paid 93.6 billion UAH to the state budget, which is on 45.4
billion UAHmore than the level of tax payments by coal mining and heat generating
enterprises.

According to theLawofUkraine «On the electricitymarket» [5], the consumer has
the right to install the following generating units designed for electricity production:

– household consumers in their private households—generating units designed for
generating units with an installed capacity not exceeding 50 kW, intended for the
production of electricity from solar energy and/or wind energy;

– other consumers, including energy cooperativesenerating units designed for
generating units with an installed capacity not exceeding 150 kW, designed to
produce electricity from solar and/or wind energy, biomass, biogas, hydropower,
geothermal energy.

In this case, the production of electricity is carried out without a license.
Private households sell generated electricity in excess of themonthly consumption

of such a private household at a «green» tariff to the universal service provider based
on contract concluded between them for the purchase and sale electricity at a «green»
tariff, which is executed by the parties in the form of an annex to the contract on
supply of electricity by the universal service provider.

In total, in 2019, USP purchased electricity generated by generating units from
private households in the amount of 284,007.8 thousand kWh at a cost of 1,496.7
million UAH (excluding VAT). As of the end of 2019, there are 22,462 private
households with generating units designed to produce electricity from solar energy
and/or wind energy, which is 14,983 or 3 times more than in 2018 [2].

The largest number of generating units, according to the operative data of the
National Commission for Electricity Generation, intended to electricity production
from solar radiation and/or wind energy (according to the number of concluded
contracts for purchase and sale of electricity at a “green” tariff by private households),
is established in Dnipropetrovsk—2,704 or 12.0% of the total number of generating
plants, Ternopil—2,070 or 9.2%, Kyiv—1,797 or 8.0%, Ivano-Frankivsk—1,774 or
7.9%.

In complicated times, the «green transition» is one of theways to rebuild countries,
taking into account economic, social and environmental priorities. Thus, «green»
energy has attracted more than 1.24 billion Euros to Ukraine investment in 2020,
even in difficult pandemic time. In particular, according to the Ukraine State Agency
Energy Efficiency and Energy Saving [6], last year 46 million Euros was invested
in energy efficiency projects through the «warm loans» program (35 million Euros
loans) and energy service (122 EU-CO agreements worth 11 million Euros), 1.2
billion Euros are invested in 1.6 GW of new capacity that generates electricity from
renewable sources (Fig. 5).

In Ukraine, it is quite difficult to obtain funding for RES projects. It is explained,
first of all, by the imperfection of the regulatory framework, which is designed to
create favorable conditions for work in the Ukrainian market of renewable energy.
Representatives of companies operating in the Ukrainian alternative energy market
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∑ ≈1,2 billion €
+ 1574 MW 

Fig. 5 Ukraine economy investments in 2020 due to the development of renewable energy

note that the current legislation is imperfect and needs significant additions and
clarifications. In particular, in the field of alternative energy it is necessary to more
clearly define themechanisms and instructions for granting preferences to companies
operating in the alternative energy market of Ukraine [7].

The development of the construction industry has a significant impact on the
social and economic security of the country and each region [8]. Therefore, attracting
investment is extremely important in the context of community development. The
main stages of the investment process include [9]:

1. the emergence of objective needs and opportunities for investment;
2. justification of the investing feasibility;
3. forecasting and planning of investment activities taking into account the current

rules and legislation;
4. preparation of investment projects and substantiation of their efficiency;
5. checking the real conditions of project financing;
6. project investment insurance;
7. implementation of investment projects, formation and control of results.

The share of renewable energy sources in electricity generation in Europe in 2020
for the first time in history exceeded the share of fossil fuels, according to the German
Institute Agora Energiewende [10]. According to analytical data, in 2020 38% of all
electricity was generated from renewable sources, and 37% from fossil fuels. This is
due to the expansion of using energy from wind and solar, the volume of which has
almost doubled since 2015. By 2020, one-fifth of electricity in the EU was generated
by wind and solar power plants.

Alternative energy sources are actively used in construction, financial institutions
are developing special lending programs, «warm loans» [11, 12]. Also, a project of
the New Education Space for buildings was introduced in Ukraine [13–15]. All these
measures are related to energy efficiency, environmental and economic security of
the country.



768 V. Onyshchenko et al.

The development of the alternative energy sector is a long-term energy and envi-
ronmental priority for Ukraine, as provided by domestic legislation and participation
in international agreements. In the long run, using RES is a guarantee of Ukraine’s
energy independence and energy network stability.

Ukraine has good economic reasons to move quickly and consistently towards
the proper use of its financial capabilities and investment resources. At the services
market, everything must be done transparently and reliably, and the government,
in turn, must do everything possible to provide a legal framework for investors
and market participants. Thanks to free and fair competition, Ukraine will quickly
overcome the pandemic and move to sustainable economic growth.
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Problems and Factors of Construction
Business Innovation and Investment
Development

Liana Ptashchenko , Lyudmyla Svystun , Maya Chechelashvili,
and Kateryna Shtepenko

Abstract The article is dedicated to consideration of theoretical and applied aspects
of themain balance factors of construction business successful innovation and invest-
ment development. The analysis of scholars’ works enabled presenting the compo-
nents of a construction enterprise innovation and investment development, in partic-
ular process, resource and potential. Considering the relationship between innovation
potential and development, the author’s definition is suggested, where construction
business innovative development is an activity based on constant search and use of
new methods, technologies and areas of enterprise potential realization in changing
external and internal market of construction products and the adopted competitive
strategy of activity and business development. Analysis of the problems associated
with conservatism and slowness in introduction and dissemination of new technolo-
gies in the construction industry is performed. Despite the fact that energy-efficient
technologies are being actively introduced in the industry, “smart homes” are being
built etc., analytical report of theGlobal Innovation Index states that the share ofR&D
expenditures in construction is only 2.9%. One of the reasons for such a low rate is
that a significant part of new technological developments implemented in construc-
tion, originate from other industries, namely metallurgy, forestry and woodworking,
chemical industries and others. It is established that innovation inertia of Ukrainian
construction companies is determined by buildings and structures prolonged oper-
ation, during which the faults of the used technology may be revealed as well as
builders’ high responsibility for the result, since construction products must be safe
for people’s lives. In order to implement the strategy of construction company inno-
vative development, it is suggested to create the success factors of innovation and
investment development, which are balanced and to some extent interdependent.
Adequate assessment these factors impact will enable choosing the right direction
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of construction business innovation and investment development and construction
industry in general under pandemic and growing economic selfishness.

Keywords Innovation and investment development · Construction business ·
Potential · Construction · Technologies · Innovation activity

1 Introduction

The world economy and national economies of most countries are in crisis due
to quarantine measures taken to combat COVID-19. Thus, the reduction in gross
domestic product of the United States is estimated at an average of 3.3% per year. In
countries with developed tourism, GDP is projected to fall even more. For example,
in Greece and Cyprus - up to 6%, Montenegro - by 8%, in Lithuania and Latvia - by
7%. In Ukraine, the forecast for GDP decline is 7–8%, and according to the latest
data - by 4.5% [1]. Such trends lead to increase in economic selfishness in society,
inhibit restrain of investment processes and, consequently lead to economic crises
of enterprises, individual industries and national economies. Lack of investment
financing of Ukrainian enterprises negatively affects their innovation activity and
makes it impossible to bringUkraine closer toEuropeanUnion standards of economic
development. Problemsof investment and innovationnature that arise as a result of the
pandemic, actualize the study, which is dedicated to theoretical and applied aspects
of balance of innovation and investment development of construction industry under
pandemic and growing economic selfishness.

2 An overview of the Latest Sources of Research
and Publications

The works of such scientists are devoted to the problems of investment-innovation
and safety-oriented development of construction industry: Torkatyuk V.I., Drill N.V.,
Khoroshko I.O., Zheleznyakova I.L., Onyshchenko V., Sivitska S., Trach R. V.,
Onyshchenko S., Yehorycheva S., Matkovskyi A., Puhach A., Svistun L., Glushko
A., Lukianov A. M., Kysh L. M. [2–10]. The problems of innovation-oriented
management in construction enterprises focusing by Onyshchenko S., Yehorycheva
S., Furmanchuk O., Maslii O., Svistun L., Glushko A. [5, 8]. Onyshchenko V.
and Sivitska S. are investigating financing of construction industry in Ukraine [7].
TorkatyukV.I., Drill N.V., Khoroshko I.O., LukianovA.M. considered the principles
of innovative development of construction companies [2–4].
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3 Main Material

Governments of economically developed countries are pursuing a course of inno-
vative development. Yet in Ukraine, this development is hampered by a number of
objective and subjective reasons. And those innovations that are implemented, are
unbalanced in different sectors of the economy. For example, construction is given
much less attention than industry or IT technologies in the context of monitoring and
stimulating innovation and investment activities [2].

Much less work is dedicated to the issues of construction industry innova-
tive development than other industries. However, importance of the construction
industry in the system of national production and the dynamics of its development
in recent years indicates the problem importance. Lag of the Ukrainian economy
from the average European level of economic development is so significant that even
large-scale deployment of construction activity will not be effective, since outdated
logistical and technological base requires significant investment in innovation.

The main objective of construction industry innovative development is to create
competitive advantages in the strategic perspective, which create safe and comfort-
able environment for human life, which meets high world quality standards, to
ensure sustainable socio-economic development of the country. Achieving compet-
itive advantages should be based on innovative re-equipment of the construction
industry, formation of innovative competencies, engineering schemes for managing
the construction site life cycle, use of information modeling to increase productivity,
reduce energy, material consumption and cost of construction products. Construction
industry makes a significant contribution to national economy modern infrastructure
creation and development, on which functioning of industries, enterprises of the real
sector depends. Competitiveness of construction industry is an important factor for
its sustainability ensuring, which guarantees the population employment, comfort of
living environment, quality of housing, and has a crucial role in reducing greenhouse
gas emissions. Further development of construction industry is associated with inno-
vative efforts and innovation activity, which should result in new building materials,
construction design technologies, construction, operation of buildings and structures,
access to newmarkets for construction services (exports), as well as transition to new
management technologies (engineering companies creation) etc. Innovative devel-
opment of construction industry is based on implementation of national, regional and
corporate innovation programs, projects for development of its innovative potential
and innovative culture of construction production [3].

It should be noted that in most cases in the research by domestic and foreign
scholars the term “innovation and investment development” is used when referring
to the appropriate type of development at macro level and research on mechanism of
scientific and technological progress in the country’s economic development, forma-
tion of so-called knowledge economy, search for new sources of economic growth,
construction of a state innovative model of development etc. In this case, innovation
and investment type of development is understood as a way of economic growth
based on constant and systematic innovations aimed at significant improving of all
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aspects of economic system, periodic regrouping of the forces due to the logic of
scientific and technological progress, goals and objectives of the system, possibility
of using certain resource factors in the creation of innovative goods and formation
of competitive advantages; an innovative one is such a model of development that is
directly based on obtaining new scientific results and their technological implemen-
tation in production, providing GDP growth mainly through production and sale of
science-intensive products and services [4].

As a rule, the term “innovation and investment development” has long been used
not only at the macro but at the micro level as well. The existing definitions of
“innovation and investment development of the enterprise” concept presented in the
scientific works of scientists are heterogeneous (Table 1) [9].

The analysis of scholars’ works enabled presenting the components of construc-
tion business innovation and investment development (Fig. 1).

Considering the relationship between innovation potential and development, let
us define that innovative development of a construction company is its activity based
on constant search and use of new methods, technologies and areas of realization
of the company’s potential in terms of changing conditions of external and internal
construction products market within the vision and accepted competitive strategy of
the enterprise activity and development.

It was considered previously that construction companies characteristic is their
conservatism and slowness in introduction and dissemination of new technologies. In
the ranking of leading economic states innovation and investment active industries,
construction complex took one of the last places. In the special literature, the label
“laggard industry” was used for construction. The main argument was that many
studies refer to extremely low share of research and development in the overall cost
structure of construction companies [3].

As stated in the analytical report of the Global Innovation Index, the share of
R&D expenditures in construction is only 2.9%, while ICT equipment and electronic
equipment is 23.5%, pharmaceuticals and biotechnology - 18.8%, cars - 15, 6%,
software and ICT services - 14.4% (Fig. 2).

Statistics confirms low innovation activity in the construction industry. Thus,
during 2017–2019, the highest share of innovative enterprises was at the enterprises
of information and telecommunications (22.1%), processing industry (21.9%), finan-
cial and insurance activities (21.7%), activities in the field of architecture and engi-
neering (20.1%). Whereby the share of enterprises with technological innovations
was higher than the national average among processing enterprises (15.6%), elec-
tricity, gas, steam and air conditioning supply (12.6%), as well as enterprises engaged
in activities in the spheres architecture and engineering, research and development,
advertising - 13.2%;with non-technological innovations - among enterprises of finan-
cial and insurance activities (18.0%), information and telecommunications (17.3%),
processing industry (15.3%) [18].

However, in the recent years the situation with innovations in the construction
industry has been somewhat improving. Energy-efficient technologies are being
introduced, “smart homes” are being built etc. In addition, it is necessary to make
a significant correction to the fact that a considerable part of new technological
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Table 1 Scholars approaches to interpretation of “innovation and investment development of the
enterprise” definition

Author “Innovation and investment
development of the enterprise”
definition

Definitions

O. Adamenko
[11]

Enterprise activity that is based on
constant search of new methods and
means of consumer needs
satisfaction and increase in
managing efficiency

New methods and means of meeting
consumers’ needs, efficiency
increase; innovations introduction in
various spheres of activity

I. Borysova [12] Creating attractiveness in the stock
market in terms of return on
investment risk, i.e. increase in
business value through innovation
management

Investment risk profitability,
business value

H.Gumba [10] Development of a system of factors
and conditions necessary for
innovation and investment process
implementation, i.e. innovation and
investment potential

Innovation and investment process;
innovation and investment potential

S. Illiashenko
[13]

Economic management process that
is based on continuous search and
use of new ways and areas of
enterprises potential realization in
terms of changing environmental
conditions

Economic management process;
potential realization; activity
modification; market outlets

O.Moros [14] Process of finding and creating new
products and processes based on the
use of all available tools and
capabilities of the enterprise, which
leads to qualitative changes

Qualitative changes, creation of new
products and processes

T. Piliavoz [15] The process of purposeful, consistent
enterprise movement to a balanced
innovation and investment state
under the influence of synergistic
action of external and internal
factors that determine the enterprise
organizational and functional system
stability under the market economy

Purposeful, consistent movement
towards a balanced state of
innovation and investment; the result
of quality, which depends on
intensity and speed of innovation
and investment processes

I.Fedylova [16] This enterprise, where the source of
development is innovation, that
develops

Development through innovation

developments that are implemented in construction, originate from other industries
- metallurgy, forestry and woodworking, chemical industries and others.

Due to the influence of a number of factors, the situation has changed profoundly
over the last decade. Conservative construction industry is likely to be forced to
abandon its established traditions and go through a series of radical changes. Thus,
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Fig. 1 Construction business innovation and investment development components

Fig. 2 Top R&D-spending sectors as share of global top R&D spenders, 2018–2019 [17]

rapid implementation of computer methods of information modeling (BIM) of all
the key stages of the construction cycle and other advanced IT-technologies already
has a significant impact on the innovative component of the industry.

In just a few decades, the very set of materials and technologies used in the field
may change almost beyond recognition [19].
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Despite the positive changes in the innovative development of construction
industry in economically developed countries, most Ukrainian construction compa-
nies are not particularly prone to innovation. The inertia of the construction complex
enterprises is determined by several factors. First of all, it is a buildings and struc-
tures prolonged operation, during which the faults of the applied technology may be
revealed. Therefore, construction companies are extremely careful in choosing new
materials or methods of construction. The second reason for conservatism is high
responsibility of builders for the result, because the use of inappropriate technology
or design errors can pose an immediate danger to the lives of a large number of
people.

Besides, the lack of innovation activity of construction companies is explained
with lower level of globalization than in industries, mainly due to the length of the
construction cycle, existence of a large number of small and medium size enterprises
that are reluctantly conservative since they cannot invest in research, and do not
have the necessary competence to evaluate and use high-tech innovations. For this
reason, innovations in the construction industry in all the developed countries are also
carried out mainly by large enterprises, construction holdings and network associa-
tions. Network organizational structure enables providing services in several areas of
construction activities simultaneously, to involve different suppliers of construction
materials and equipment in construction works, to provide interaction of subjects of
construction production by means of information and communication technologies
and information modeling.

The pace and scale of technological progress in the industry will depend on degree
and speed of transition to automated methods of construction and mass implementa-
tionof robotics and technologywithminimal human intervention.Thus,manyexperts
today agree that one of the key trends in the coming decades in the construction
industry should become accelerated transition from traditional technologies of build-
ings construction directly on construction sites (on-site manufacturing) to prefabri-
cated (offsite) housing construction and then - to practically conveyor production of
houses from unified panel or modular components designed by means of computers.

In order to choose a certain strategic direction of innovation and investment devel-
opment, enterprise managers need to determine and assess the impact of success
factors of innovation and investment development (Fig. 3).

Basedon the assessment of the influence factors, the companycan choose adequate
areas of innovation and investment development.

According to the strategic direction of innovation and investment development, a
construction company can choose several areas:

– balanced innovation and investment development, which is applied in terms of
gradual technical changes;

– offensive innovation and investment development, which is used under rapid
technical changes, when it is necessary to achieve advance or maintain market
leadership through the use of new achievements of scientific and technological
progress;
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Fig. 3 Balance of the main factors of construction business innovation and investment successful
development

– absorbing innovation and investment development, through nominal, rather than
real innovation transformations [20].

Therefore, challenges facing the construction industry on the way to improving
its efficiency can be formed via the agreed upon areas, the model of which is shown
in Fig. 4.

Among the effective investment programs, the greatest multiplier effect have
those related to residential construction, since this sector of economy has the closest
relationship with other industries. In addition to positive impact on economic growth,
residential construction performs an important social function: providing housing for
the country population, and thus able to indirectly affect the country’s demographic
situation.

Despite the fact that energy-efficient technologies are being actively introduced
in the industry, “smart homes” are being built etc., the analytical report of the Global
Innovation Index states that the share of R&D expenditures in construction is only
2.9%. One of the reasons for such a low rate is that a significant part of new tech-
nological developments that are implemented in construction originate from other
industries - metallurgy, forestry and woodworking, chemical industries and others.
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Fig. 4 Consistency in improving the construction business innovation and investment development

4 Conclusions

Global crises and pandemics make adjustments to the economic policy of develop-
ment and support of various sectors of the national economy, including construction.
Technological renewal of the construction industry on the basis of innovations is
necessary for the of competitive advantage development in the strategic perspective
due to increasing in global competition in the construction services market, accel-
eration of innovation and technological development and reindustrialization of the
world economy, as well as requirements dictated by new technologies in the field of
construction materials production, energy saving, energy efficiency, environmental
issues and pandemics.

It is determined that innovative development of the construction business is an
activity based on constant search and use of new methods, technologies and areas of
the company’s potential realization in terms of changing conditions of external and
internal construction products market within the vision and agreed upon competitive
strategy of the enterprise activity and development.

It is established that Ukrainian construction companies inertia to innovation is
determined by the prolong operation of buildings and structures, during which there
may be faults of the technology used, and high responsibility of builders for the result,
since construction products must be safe for people’s lives. In order to implement the
construction business strategy of innovative development, it is suggested to create
the success factors of innovation and investment development, which are balanced
and to some extent interdependent. Adequate assessment of these factors impact will
enable choosing the construction business and the construction industry in general
right direction of innovation and investment development in terms of pandemic and
growing economic selfishness.
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In order to choose a certain direction of innovation and investment development,
managers of a construction company must determine and assess the influence of
the factors on success of innovation and investment development. Further research
by the authors involves adapting existing models for estimating such factors to the
construction business.
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Abstract The construction industry functioning on an up-to-date stage of economic
development requires the implementation of energy efficiency and environmental
friendliness principles,which is in linewith global trends in sustainable development.
Transformation processes have been encouraged construction companies to adapt
their management decisions to meet the needs of construction products consumers.
It has been really important under condition of the urbanization level growing.

Main trends and features of the construction industry of Ukraine and Euro-
pean countries have been analyzed; problems of the industry functioning during
the pandemic have been identified. On the empirical research basis, financial and
ecological-energy criteria of the housing choice by buyers in Ukraine have been
substantiated, and also priorities changes in dynamics have been investigated. The
mathematical function for making managerial decisions in construction has been
formed.

Also the ways for financial problems decision in building sphere taking into
account possibilities of the financial market have been developed. The energy-
efficient decisions in the field of real estate exploitation have been proved.
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1 Introduction

The construction industry is an integral part of the economic complex, an indicator of
the growth or the decline of the economy. It is closely connectedwith other industries,
their development through the production facilities creations, storage and offices,
logistics and engineering networks. Construction companies’ further development
dynamics prospects are an important research area under transformation processes
conditionals occurring around the world during the pandemic.

These processes significantly affect the economy of each country. Thus, not only
external factors of influence, such as political,macroeconomic, globalization, but also
internal guidelines for the functioning of enterprises are changing. An enterprise’s
activities vectors have been directed to the energy-saving, which saves the internal
financial resources of the business entity and energy efficiency i.e. the most efficient
use of all available resources provides.

A reduction of economic activity and incomes of economic entities influences a
reduction of employment and incomes of citizens. At the same time, the trend of
rising energy prices continues. Under such conditions, the dwelling’s energy effi-
ciency increase and the level of financial costs for its maintenance reduction are
the key advantages of the proposals in the residential real estate market. This poses
to make new challenges to the construction industry, which has suffered the most
during the pandemic. Competitive advantages will be given only to those construc-
tion companies that offer to customers housing that meets modern environmental,
energy efficiency criteria, will be economical and at the same time meets the social
needs of people. That is, management decisions of construction companies must be
adapted to modern pandemic conditions.

2 An overview of the Latest Sources of Research
and Publications

The problems of energy efficiency and energy saving in the housing sector have
been engaged by such economists: H. Elsharkawy and P. Rutherford, M. Villca-
Pozo, B. Serrano-Lanzarote, I.G. Hamilton, B.Coyne, R.Lawrence and C.Keime,
B.Lin, V.Brigilevich, V.Volkov, S. Sivitska, Komelina O. [1–11]. In particular, the
studies of Spanish scientists regarding the quantitative determination of the energy
saving potential in the Spanish housing fund, the formation of a strategy for its
energy renewal and the introduction of tax benefits for the modernization of energy
efficiency in housing in Spain are interest [6, 7]. Elsharkawy H. and Rutherford P.
presented the results from an extensive pre- and post-retrofit home energy use and
performance survey of 150 properties located inNottingham’sAspley. Their research
seeks to inform and improve the uptake and delivery of future housing retrofit initia-
tives [5]. The reasons for the high level of energy consumption in Ukrainian housing
have been covered in the work by Sivitska S., Vartsaba V. and Filonych O. [8].
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The issue of construction efficiency in rural areas has been partially explored in our
previous work [9]. Many Ukrainian scientists study foreign experience of improving
the energy efficiency in housing and technologies of rehabilitation and construction
of energy efficient buildings. Mykytenko V. [10] study tools and spheres of energy
efficiency state regulation. Komelina O.V., Samoilyk I.V., Boldyrieva L.M., Krap-
kina V.V. [11] comprehensively investigated energy efficiency in the use process
of machines and equipment in construction. Problems of financing the construction
business were studied by Onyshchenko V., Krekoten I., Svistun L. [12, 13]. Varnaliy
Z. and Onyshchenko S. [14, 18, 19] studied construction complex development
influence on region social and economic indicators.

Consequently questions of a constructions efficiency increasing are very impor-
tant. But this problems needs further investigation taking into account current trends
in the energy and construction spheres. Especially, the criteria for making decisions
about construction, as well as the acquisition of real estate need to be studied in
detail.

3 The Purpose of Scientific Research

The purpose of scientific research is to summarize scientific approaches to basic
criteria for making managerial decisions in construction, identifying the main trends
in the construction industry in the world with a focus on European countries, analyze
empirical research results to rank socio-financial and ecological-energy criteria for
making managerial decisions in construction, creating an appropriate model and the
recommendations for improving criterions compliance to customers’ expectations.

4 Main Body

The construction is one of the most dynamic industries for many countries. The
construction development level shows the country’s investment attractiveness, the
technology development, innovation activity. The construction industry on the one
hand is an economic development indicator, and on the other hand is an of social
security indicator. Housing class, the new buildings number growth dynamics, the
difference between construction infrastructure in rural areas, medium-sized cities
and metropolises, the housing availability for different segments of the population
affects other socio-economic spheres, namely industry, labor market, other areas
of construction, financial and investment sphere, technologies, etc. In general, the
world is growing rapidly. Before the coronavirus pandemic construction industry
costs grew approximately to 12 trillion U.S. dollars, during next period this indicator
will grow by three percent per annum. These constructions costs include building
projects in residential and commercial real estate and also it is costs in infrastructure
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Fig. 1 A Construction industry spending worldwide from 2014 to 2019, with forecasts from 2020
to 2035 [15]

and industrial structures. Construction costs include labor andmaterials, architectural
and engineering work, and taxes data spending (see Fig. 1).

Since 2014, there has been an increase in total construction costs from$ 9.5 trillion
U.S. dollars to 12 trillion U.S. dollars. By analytics forecasts to 2035, construction
will grow to 19.2 trillion U.S. dollars. Every year the differences between the level of
construction development in terms of rural and urban areas become more noticeable.
The level of urbanization in all regions of the world is growing significantly. At the
same time, the American continents are the most urbanized (see Fig. 2).

The construction industries in the United States are one of the largest around the
world. During 2019 and 2020, Buenos Aires shows one of the largest growths in the
city’s constructions industry. In 2021, Asia Pacific will have the highest construction
industry production in the world.

Rises in the European construction industry carry out in recent years also. The EU
constructionmarket has been showing positive dynamics since 2014 after a prolonged
decline in 2008–2013. Albania is showing significant indicators of the development
of the construction industry. Also, the leaders by the EU construction market growth
in 2019 were Malta (3.2 times), Ireland (3.1 times), Cyprus (3 times), and Hungary
(2.9 times) (Table 1).

The construction pace has hardly changed in the countries of old Europe, in partic-
ular in the United Kingdom, the Netherlands, Norway, and Sweden. Slightly lower
construction growths are in Eastern Europe: Lithuania, Slovakia, Poland, Bulgaria,
Slovenia, Latvia and Hungary. Despite the increase in the tax press and the mass
withdrawal of production abroad, the Greek market has been shown a positive pace
in recent years. Three major European economies, namely Germany, France and
Italy, have been shown a general trend of improving the situation in the construction
industry. The German construction market has remained either more or less stable.
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Fig. 2 Degree of urbanization (percentage of urban population in total population) by continent in
2020 [15]

France, after a long decline for a decade, showed growth, which was the beginning
of the recovery process.

Favorable conditions are created for Ukrainian companies focused on the export
of constructionmaterials to enter foreignmarkets. In addition to such large and stable
markets as Germany, Austria, Sweden, for Ukraine it is interesting and not so large,
but fast-growing markets of Eastern Europe with a lower level of competition during
periods of growth.

The construction industry affects the efficiency of the country’s governance
system. It belongs to the material production sphere and ensures the creation and
restoration of fixed assets of economic entities and the population. The develop-
ment of the construction industry contributes to the growth of building materials
production, equipment, mechanical engineering, metallurgy, petrochemistry, wood-
working, transport, energy, which leads to economic growth and solving many social
problems.

The construction industry in Ukraine has been received a very big boost in recent
years. According to the results of 2019,Ukrainian enterprises performed construction
works in the amount of UAH 181,697.9 million UAH (Table 2).

The index of construction products in relation to 2018 was 123.6% (see Fig. 3).
New construction, re-construction and technical re-equipment accounted for 74.2%
of the total volume of construction work performed capital and current repairs
(25.8%). According to the sub-bags of the year, the construction of engineering
structures increased by 31.8%, buildings - by 25.1%.

The construction industry leaders are Kharkiv, Dnipropetrovsk, Poltava, Kyiv,
Lviv, Odessa regions. However, despite the positive changes, there are still problems
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Table 1 Building permits in European countries – annual data [16]

Countries 2013 2014 2016 2017 2018 2019

Albania … … 614,6 1083,3 1583,3 1500

Malta 68,5 74,4 190,2 248,8 326,5 316,3

Ireland 55,2 56,8 122,3 159,3 223,1 308,6

Cyprus 129,5 89,3 114,1 154,5 194 301,1

Hungary 59,2 77,4 257,1 312,3 302,4 291,1

Portugal 90,4 84,9 139,2 172,5 245,8 287,7

Serbia 76,2 77,4 126 168,9 184,8 238,6

Greece 128,8 104,6 103,5 123,9 175,9 234,4

Croatia 110,2 112,1 133,1 179,6 168,9 221

Spain 86,6 92,4 123,7 154,4 191,8 216,3

Bulgaria 71,1 91,8 105,2 144,6 205,8 189,9

Latvia 197,5 112,1 122 143,1 167,6 167,7

Czechia 84 90,9 104,2 123 127,2 152,4

Poland 72,4 82,5 112,2 133,8 138,2 144,5

Estonia 54,6 70,5 107,7 141 125,1 143,6

Luxembourg 90,8 145,7 120,6 123,6 137,3 134,8

Denmark 51,1 71,6 129,6 129,4 158,7 134,3

Italy 124,4 109 103,9 120,8 127,4 128,4

Slovenia 117,6 99,3 109,2 116,8 136,2 122,2

Austria 90,6 95,9 115,6 130 108,2 121,8

Belgium 107,1 119,1 111,4 110 136,1 121,5

Finland 84,2 94,5 126,2 150,3 135,9 121,3

Germany 90,1 93,2 115,6 113,1 115,4 119,4

Slovakia 74,7 81,1 114,6 104,7 116,6 115,5

Lithuania 88,3 83 122 119,4 122,5 113,8

France 106,3 93,1 114,7 122,1 114,1 110

Table 2 The volume of construction work performed by type of construction products in Ukraine,
2014–2019 [17]
Years Construction

total
Building including engineering 

structuresresidential non-residential
million 
UAH

% million 
UAH

% million 
UAH

% million 
UAH

% million 
UAH

%

2014 51108.7 100 24856.5 48.63 11292.4 22.09 1356.1 26.54 26252.2 51.37
2015 57515 100 28907.5 50.26 13908.8 24.18 14998.7 26.08 28607.5 49.74
2016 73726.9 100 38106.4 51.69 18012.8 24.43 20093,6 27.25 35620.5 48.31
2017 105682.8 100 52809.6 49.97 23730 22.45 29079.6 27.52 52873.2 50.03
2018 141213.1 100 66791.6 47.30 29344.8 20.78 37446.8 26.52 74421.5 52.70
2019 181697.9 100 83589.3 46.00 33208.8 18.28 50380.5 27.73 98108.6 54.00
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Fig. 3 The construction growth index in the European Union and Ukraine, 2014–2019, % [16, 17]

with registration, lending, investment, quality control in the construction industry.
The construction industry in Ukraine includes housing construction, construction
of industrial facilities, repair and construction of roads. In today’s conditions, the
construction industry of Ukraine operates mainly through the construction of resi-
dential buildings, as this component of the construction industry is in demand. Indus-
trial, social and communal construction is practically not carried out due to lack of
investment.

In order to develop proposals for effective management decisions in the construc-
tion sector and level the threatening trends of reduced construction during the
pandemic by developing an appropriate anti-crisis management strategy, a survey
has been conducted to identify current priorities in housing selection.

The conducted empirical research included a survey of different age groups
respondents (of working age) and social groups from themetropolis (Kyiv), medium-
sized city (Poltava) and rural areas of Poltava region. The majority of respondents
belong to the age groups of 36–46 years (21.4%) and 46–60 years (26.5%) in an
almost equal ratio of men and women. Among the respondents, 37.7% belong to
families of 3 people and 76% are working with a stable income. As for the level
of income, in Kyiv the majority of respondents have an average monthly income of
20–25 thousand UAH per person, in Poltava, it is 10–15 thousand UAH, and in rural
areas, it is up to 10 thousand UAH.

Respondents over the age of 45 mostly have their own housing (over 82%), and
young people, especially in Kyiv, mostly live in rented housing. Respondents from
cities live in apartments (94%), but only 77% would prefer an apartment if there was
a choice. Others would move to their own homes. In rural areas, on the contrary, the
population lives and wants to continue living in private homes.

Respondents from Poltava and the region in 96% of cases would prefer their own
housing as opposed to rent, and inKyiv therewere only 83%. In general, thementality
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Fig. 4 Criteria for choosing a home when buying it in Poltava according to the 2016 and 2020
survey

and the idea of a successful life dictate to Ukrainians the need for their own housing.
Given the need to choose housing, the vast majority would prefer a new building
rather than a secondary market (this percentage is slightly lower in rural areas).

The study was conducted during 2016–2020. During this time, respondents’ pref-
erences regarding the key priorities of housing choice for the last 5 years have been
changed. The following criteria were proposed for respondents: cost, area, plan-
ning, year of construction, location, environmental friendliness of the neighborhood
and area, social and transport infrastructure, distance to work, energy efficiency and
environmental friendliness of materials and structures, type of heating, maintenance
costs (utility bills), the availability and size of the adjacent territory, the security of
the neighborhood, etc. Thus, for a typical Ukrainian medium-sized city in 2016, the
main criteria for purchasing housing were cost and location (see Fig. 4).

Also the availability of developed infrastructure and the area and layout of the
apartment were important for respondents. Instead, in 2020, along with cost and
location, the key criteria for a potential buyer were the energy efficiency and envi-
ronmental friendliness of the materials and structures of a residential building and
the type of heating. Cost, location, planning, infrastructure and distance to work are
priority for a big city in 2016 (see Fig. 5).

And in 2020, along with cost and location, the emphasis has shifted to the energy
efficiency and environmental friendliness of the materials and structures of a resi-
dential building, the type of heating and the reliability of the developer. In both cases,
the year of construction is also important; everyone would prefer to buy housing in
a new building. In 2016 also the leaders of the rating were the area of apartments,
year of the construction, type of heating (see Fig. 6).

In 2020 from the sixth to the second place came the criterion of energy efficiency
and environmental friendliness of the houses materials and structures, and the third
place from the fifth moved the type of heating. Also, villagers are concerned about
the cost of maintaining the house and the level of heating costs.
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Fig. 5 Criteria for choosing a home when buying it in Kyiv according to the 2016 and 2020 survey

Fig. 6 Criteria for choosing housing when buying it in rural areas according to the 2016 and 2020
survey

In general, it is advisable to conclude that the energy efficiency and environmental
friendliness of real estate alongwith its location for residents of large cities compared
to small ones are very important.

In all regions, due to the trend of rising energy prices in recent years, the area
and type of heating, which depends on the level of operating costs and utility bills,
is becoming more important. In the background are planning of the house, security,
the adjacent territory.

At the same time, there are differences in preferences for the type of heating in
urban and rural areas. In cities, district heating still predominates with a decreasing
trend (about 64% is it district heating, 22% is it individual and 14% is it autonomous),
and in rural areas individual and autonomous dominate (63 and 30%, respectively).
The preference for electricity and alternative sources is growing as a desirable type of
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energy source for heating homes, especially in individual homes. Electricity and alter-
native sources are the most desirable types of energy for heating homes, especially
in individual homes.

Thus, on the survey basis, amathematical function (Eq. 1) formakingmanagement
decisions in construction (for the medium-sized city) can offer:

F
(
X1, ...X2

) = 0.17 X1 + 0.13 X2 + 0.11 X3 + 0.1 X4 + 0.08 X5 + 0.08 X6 + 0.07 X7 (1)

X1 – Cost,
X2 – Year of construction,
X3 – Location,
X4 – Energy efficiency and environmental friendliness,
X5 – Social and transport infrastructure,
X6 – Type of heating,
X7 – Effective area

Each of the factor features is an integrated indicator that takes into account the
characteristics of the region. For example, the criterionof “location” is a formed rating
of districts. The criterion of “energy efficiency” is formed on the basis of building
materials rating and so on. The criterion of the construction year is represented by
the number of the actual operation years of the building after commissioning.

Thus, financial indicators occupy the first place when making management
decisions to purchase real estate.

An important criterion when choosing real estate is the ability to purchase it in
the mortgage. The vast majority of respondents (68%) would prefer to buy a home
on credit under favorable mortgage terms. However, modern conditions of mortgage
lending in Ukraine do not allow making this tool available to Ukrainian consumers
in contrast to European countries [13].

At the same time, the state construction financing reduction (reduction of invest-
ments, deterioration of the investment climate) is one of themain problems hindering
the development of the construction industry. The following measures are needed to
solve the problems of construction financing in Ukraine:

– expansion of the project financing and the self-financing opportunities for
construction companies and introduction of an integrated scheme of the housing
financing, which consists in using project financing of developers at the first stage
and attracting funds from individuals in the second stage of construction;

– attracting funds from citizens for the construction of industrial and social projects
through the issuance of securities;

– de-shadowing of the capital of construction companies;
– creating favorable conditions for lending to construction companies;
– development of a long-term programs to expand the possibilities of financing

construction by state and regional authorities.
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The implementation of these measures will contribute to the development of the
construction industry, which, in turn, will increase the investment attractiveness of
construction companies in Ukraine.

Issues of energy efficiency and environmental friendliness, when choosing
housing, are very important and is becomingmore significant every year. ForUkraine,
the benefits of energy saving are especially important due to its high energy depen-
dence and energy consumption. The domestic economy is energy-deficient, satis-
fying its energy needs through its own production only in part. For the most part, the
available housing stock of Ukraine belongs to the most energy-intensive class.

Modern new buildings largely meet the requirements of energy efficiency and
environmental friendliness, but the share of new buildings in Ukraine remains
insignificant. In Ukraine, the issue of energy saving is especially acute in the global
financial crisis that arose during the pandemic. Regarding energy saving in the
housing and communal sector, the strategic task is to use energy efficient mate-
rials, modern engineering networks and systems, equipment, energy metering and
control devices at the stage of construction of new facilities, and modernization and
insulation of existing housing. An important role in improving the energy efficiency
of construction is played by the comprehensive use of alternative energy sources,
which also meets the needs of society in the environmental friendliness of building
structures and the environment. All this should be taken into account when devel-
oping a strategy for managing a construction company and making decisions at the
level of state regulation in the construction sphere of the country.

5 Conclusion

Thus, under conditions of transformation processes taking place all over the world
during the pandemic period, the priorities of the construction industry enterprises
change significantly. There has been a direction of real estate owners’ needs to
increase energy efficiency and reduce maintenance costs, which saves financial
resources. Under such conditions, the key advantages in the construction market will
have developers who provide appropriate proposals, that is, they offer to customers
housing that is economical, environmentally friendly, energy efficient and meets the
social and aesthetic needs of people. That is, management decisions in construc-
tion companies must be adapted to the needs of consumers. And such needs differ
significantly in large-scale settlements.

Improving the energy efficiency of the construction complex will solve a number
of pressing problems: reducing the cost of housing throughmore rational and efficient
use of energy resources; reducing the country’s energy dependence by reducing
imports of scarce fuel and energy resources; improving the environment.
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Abstract The article reveals the content of the shadow economy and corruption as
the main obstacles to construction business effective running in Ukraine. The main
economic activity shadowing forms of manifestation in the construction business are
studied. The prerequisites and factors of shadow economy emergence phenomenon
and corruption as one of the most actual social problems of modern Ukraine are
revealed. It was found that corruption covers most spheres of public life, reduces
entrepreneurial activity and leads to the spread of organized crime, creates social
tension and generates feeling of despair among the population. Based on a study of
modern construction, it was found out that this is one of the key sectors of the national
economy, which provides expanded reproduction and renewal of the main assets of
the country and allows to obtain a multiplier effect from investing in construction. As
a result of Ukraine’s construction functioning, the investment policy of the state is
implemented, the scale and pace of individual industries development, scientific and
technological progress and the efficiency of investment in all sectors of the economy
are determined. It is substantiated that to restore the potential of the construction
industry, to intensify small and medium-sized businesses in construction, and for
capital investment, a system ofmeasures to combat shadow processes in construction
and implementation of state policy to de-shadow the economy and a targeted program
to prevent and combat corruption in Ukraine are needed.
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1 Introduction

At the present stage of development, small and medium-sized businesses occupy an
important place in national economies. Construction is an important and strategic
priority for the development of each country’s national economy. The conditions for
running construction business in Ukraine are determined by the growth of numerous
threats and dangers, the leading places among which are occupied by the shadow
economy, corruption and raiding. The processes of shadowing exist as an integral part
of the economic system, which is common to all countries of the world. According
to international experts, the global volume of the shadow sector is 10–12 trillion US
dollars of value added annually, which is not reported by businesses, and the size of
the global shadow economy is equivalent to the US economy, which has one of the
largest GDPs in the world [14].

The existing diversity, complexity, and sometimes inconsistency of laws and regu-
lations allowbusiness entities to limit the provision of reliable information about their
activities and create conditions for its shadowing, which inevitably leads to crimi-
nalization of the economy, corruption, reduced investment activity and innovation
development, which significantly affects the level of economic development of the
state.

Shadowing and corruption in business under modern conditions have become a
complex multi-component phenomenon that acquires characteristics of systemacy
and requires definition of priority areas of overcoming it, formation of effective public
policy in this sphere and a civilized institutional environment [7, 8]. From these
positions of determining the preconditions, factors and forms of manifestation of
these phenomena in the construction industry the problem of research was identified.

The study of theoretical and practical aspects of existence of shadow sector of
economy and corruption in theworld occupies a significant place in theworks of such
well-known experts [3–6, 9, 10]. Since shadow economy, by its definition, includes
all unrecorded economic activities, it is extremely difficult to establish correct size
of shadow economy and preconditions in each country.

Construction business has recently lost many opportunities and increased poten-
tial due to the progressive growth of corruption and raiding. It is due to the develop-
ment of the construction industry that the state’s investment policy is implemented,
economic proportions, scales and rates of individual industries development, scien-
tific and technological progress and efficiency of investments in all sectors of the
economy are established. The business in the construction industry includes various
areas of activity. Large construction business is more active in the field of capital
construction, i.e. it builds shopping centers; neighborhoods with all the infrastruc-
ture; factory buildings; departmental buildings of various institutions. Small busi-
ness mainly builds camps; cottages. In addition to capital construction (construc-
tion of industrial and other facilities, preparation of construction sites, work on
building equipment, work on construction completion, applied and experimental
research and developmnt etc.), the construction business provides services for repair
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and construction work, reconstruction, and also the production and sale of building
materials.

It is corruption, according to numerous analytical reports and surveys that is
the biggest problem for both foreign and domestic construction businesses. The
obvious problems caused by high levels of bribery and abuse are the destruction of
society’s values, total distrust to public authorities, which ultimately leads to negative
economic consequences, increasing inequality and slowing down personal income
growth [1]. This is evidenced by the result of the Corruption Perceptions Index 2020,
according to which Ukraine, as in 2019, is recognized as the most corrupt country
in Europe, ranks 117th out of 180 countries, along with Egypt, Nepal, Sierra Leone,
Swaziland and Zambia. At the bottom of the list are Syria (14 points out of 100),
Somalia (12) and South Sudan (12), the countries where the political situation has
been unstable for a long time and where governments only partially control the
country’s territory [2].

Raiding is an unfriendly takeover of companies and redistribution of property
and corporate rights. At the same time, unfriendly takeovers are often reduced to the
seizure of enterprises under the guise of legal or pseudo-legal grounds [18]. It is the
improvement of Ukraine’s legislation in terms of protection of private property rights
that will ensure sustainable development of economic ties and compliance with the
required level of security of business structures.

2 Research of Theoretical and Methodological Foundations
of Shadow Economy and Corruption in Construction

Currently, the study of shadow economy in the sectors of the economy is at the
stage when researchers have not formulated a single conceptual apparatus to define
the shadow economy and its constituent segments. In studies of this phenomenon a
wide variety of English terms are used, such as “hidden economy”, “underground
economy”, “informal economy”, “second economy”, “unofficial economy”, “shadow
economy”, and so on.

In French-language publications, the term “underground economy” (l’economie
souterraine) predominates, while in German-language publications, the “shadow
economy” (Schattenwirtschaft) is used more often. It is also possible to find “color”
terminology, while the “good”, “white” economy is opposed to the “black” or “gray”
one [15]. Three or four terms mainly dominate (“black”, “underground”, “hidden”,
“shadow”), although the total number of terms to name this sector of the economy
is more than a dozen.

All these comparative terms are not accidental. They reflect rather not the lack
of unity in scientists’ understanding of the conceptual essence of this issue, but
they reflect various aspects and structural components of the shadow sector of
the economy. These terms emphasize the internal qualitative complexity of this
phenomenon of public life [10]. From a methodological point of view, it is important
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to define as clearly as possible the structure of the shadow sector of economy and
to find out which are the most characteristic types of economic activity and income,
that can be part of shadow sector of the economy, and which are official.

In each country, the informal sector of the economy has its own specifics. In
developed countries, these are mostly small businesses and criminal parasitic forms
of activity. In countries where excessive tax pressure is practiced, the first place
belongs to the concealment of the actual volume of business transactions and profits
[11]. As a result of tax evasion, the budgets of developed countries do not add from 15
to 30%of the total amount of planned revenues annually, and in developing countries,
this index reaches 50% [12].

Along with illegal economic activity, there are completely legal ones, but hidden
from taxation. Any economic activity that under certain conditions is not taken into
account by official statistics, evades taxes and is not included in GDP is consid-
ered criminal. To summarize, we can identify the following three components of
the shadow economy, which are mentioned by foreign researchers: Underground
economic activity; Hidden economic activity; Criminal economic activity.

This approach is consistent with the concept of the shadow economy proposed in
SNA-1993 [13], which considers the shadow economy as three components: hidden
production, unofficial, informal activities or invisible economy, illegal economic
activity.

Hidden production includes legal economic activity, the indicators of which are
hidden in order to evade taxes.

According to the SNA methodology, informal sector of economy is a part of
the household sector created by unincorporated enterprises, i.e. enterprises owned
by individuals or households that produce goods and services both for their own
consumption and for sale on the market. The largest amounts of shadowing that
are difficult to calculate are in informal employment in trade, construction and
agriculture.

Illegal institutions include economic entities engaged in activities prohibited by
law (production and sale of weapons, drugs, etc.) and persons who are not entitled
to a certain type of activity without professional education or licenses.

The difficulty of describing the structure of the shadow economy of Ukraine, in
our opinion, consists in the imperfection of socio-economic relations, high entropy
of the economic environment, due to the diversity of multilevel economic relations,
unformed market relations, weak order and inconsistency of legal norms governing
relations in economic sphere.

From our research of the shadow economy structure we can conclude that it is
part of the real life of modern society, exists in any economic system with state
organization, but in different systems it has its own specifics and is not qualitatively
homogeneous in its structural components, and in the final consequences of their
impact on socio-economic processes and relations.

Construction business in terms of financial and economic activities does not
differ significantly from the activities of enterprises in other sectors of the economy,
although there are somedifferences. Shading in the construction industry occurs at the
stage of business processes, current financial and economic activities, accounting and
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reporting, and especially informal employment. The activities of construction compa-
nies are regulated and controlled by the state. The activities of construction companies
are licensed, and the beginning of the construction process is also controlled by the
state through permitting procedures for design and construction.Numerous approvals
of different services, which are required, provoke and promote corruption in this area.
In addition, the authorities in some cases establish or recommend the order of pricing
in the construction industry. Thus, the activity of a construction company depends
much on relations with state and local authorities. This entails a number of threats:
the use of administrative opportunities for profit and administrative opportunities for
pressure from competitors.

Shadow employment and shadow wages are the phenomena that have become
firmly entrenched in public life and have become significant. This is not only a serious
social but also an economic problem of Ukraine. It is in the construction business that
most employees, usually construction workers, are involved without proper regis-
tration. As a rule, their salary is paid “in envelopes”, this payment to unregistered
employees is not guaranteed and remains a matter of employer’s integrity.

Based on the generalization and systematization of existing approaches to the
interpretation of the concept of “shadow economy”, the author’s concept of “shad-
owing of the construction business” is proposed. It is a complex multicomponent
phenomenon that acquires characteristics of systemicity and requires definition of
priority areas for its overcoming, formation of effective state regulatory policy in the
field of construction and a civilized institutional environment.

The study of the peculiarities of formation and cyclical nature of shadowprocesses
according to spheres of formation made it possible to establish interdependent
factors of the “shadow economy” phenomenon emergence. Economic factors are the
following: excessive tax pressure, reduced state control over the budget sphere, lack
of effective institutional support, lack of financial resources and other economic prob-
lems that have led to high unemployment, spread of illegal employment, increasing
population stratification on the basis of income level, as well as outflow of skilled
labor from the legal sector of the economy. Social factors: lowwages, deformation of
the labor force and its non-compliance with the needs of the labor market, low social
and territorial mobility of the population, low legal culture of citizens, deformation
of legal awareness and moral consciousness, impunity for criminal structures. Polit-
ical factors are: insecurity of business entities from abuse by the authorities, lack of
political will to fight corruption, insufficient scientific and organizational and legal
support for the fight against criminalization. This makes it possible to determine the
effectiveness of existing methods and mechanisms for economic activity shadowing.

To the problem of shadow economy existence the lack of a single and accu-
rate method of quantifying the level of shadow economy is added, which leads to
significant differences in calculating the size of shadow economy.

Shadow economy exists in all countries of the world. Its main differences in any
country are the size, factors, forms, level of socio-legal control over it and level of
its implementation.

In this regard, at the international level, the amount of shadowing economy quan-
titative assessment is carried out by the method of the World Bank. It is based on a
unified empirical method - Multiple Indicators Multiple Causes (MIMIC), proposed
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Fig. 1 The level of the shadow economy in some OECD countries

by F. Schneider [9], where the level of shadow economy is calculated by determining
the conditions of economic activity, the level of disadvantage of which determines
the level of the shadow economy.

According to periodic assessment of the shadow economy at worldwide level, the
size of the shadow economy in the most developed economies ranges from 14.0 to
16.0% of GDP, while in developing countries - from 32.0 to 35.0% of GDP. Shadow
activity is much larger in Latin and Central America, as well as in Africa (more than
40.0% of GDP), while in the Middle East and Asia it is 25.0–35.0% of GDP [9]. For
example, this figure is: in Belgium - 16.5%, Great Britain - 9.4%, Germany - 10.4%,
Greece - 24.8%, Denmark - 11.7%, Spain - 20.3%, Italy - 19.8%, Canada - 12.0%,
the Netherlands - 8.8%, Portugal - 16.1%, the United States - 5.7%, France - 11.7%,
Switzerland - 5.4%, Austria - 7.1%, Japan - 10.8%, China - 11.1% (see Fig. 1). The
average performance is about 17% of GDP [9].

Preliminary calculations for 2020, which have not been officially announced yet,
indicate that such trends continues and the shadowing of the world economy level
gradually increases due to the crisis. According to the World Bank’s calculations, at
the initial stage of Ukraine’s formation as an independent state, its shadow economy
accounted for 10.0–11.0% of GDP. However, calculations in the process of polit-
ical and economic transformations in Ukraine have created optimal conditions for
the development of the economy shadow sector. Thus, in 1990–1994, the level of
the shadow economy relatively to GDP doubled every two years and reached its
maximum in 1997, rising to 65.6% of GDP, and exceeded it during the global finan-
cial crisis of 2008–2009, when the level of the shadow economy according to the
World Bank was 68.7% (see Fig. 2). According to preliminary calculations of the
Ministry of Economic Development and Trade of Ukraine at the beginning of 2021,
the level of the shadow economy in Ukraine was 31.0% of official GDP.
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Fig. 2 The level of the shadow economy in Ukraine in relation to the level of official GDP by the
world bank methodology

However, according to foreign experts, the level of shadow activity in Ukraine
ranges fromabout a third ofGDP,which is recordedby statistics, to a level comparable
to the size of official sector [14]. Thus, according to the latest calculations of Austrian
economist F. Schneider, which arewidely used in international comparisons, the level
of the shadow economy in Ukraine is the highest in Europe and is 42.3% of official
GDP [9]. This indicator is widely used in international comparisons. However, its
dynamics do not always accurately analyze the impact of all factors on the level of
the shadow economy, so it is constantly improving.

Estimation of the level and analysis of the national economy shadowing trends
as a whole and by individual types of economic activity is carried out by using
indirect methods of estimating its level including extrapolation based on excess cash
demand, unsupportable electricity consumption and labor market trends. However,
it should be noted that the MIMIC method used by the World Bank is convenient
for comparing the level of the economy shadowing between different countries,
but ineffective for determining its nominal value [14]. Therefore, in Ukraine at the
official level since 2009 the shadoweconomy is assessed by theMinistry of Economic
Development, Trade and Agriculture of Ukraine on a regular basis once a quarter
of the year in accordance with the Methodology for calculating the integrated level
of the shadow economy, approved by the Ministry of Economics of 18.02.2011 №
123 [16]. The method provides for the calculation of the shadow economy level by
four methods covering a certain sphere of national economy (with a correspondingly
different part of illegal sector, whereby the results differ significantly), with further
determination of the level of the shadow economy integrated indicator, which serves
as a comprehensive indicator of such phenomenon.

We note, that the World Bank shadow economy of Ukraine estimates are close to
the calculations of the Ministry of Economy, with subtraction of the value indicator
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“economy not directly observed”, which is added by the State Statistics Service of
Ukraine to the official GDP. The part of the economy, which is not directly observed,
according to the calculations of the State Statistics Service of Ukraine, in recent
years is from 15.0 to 18.0% of GDP. Although the methodology of this indicator
is consistent with international standards, its value is perceived by experts to be
somewhat underestimated, given the results obtained by the World Bank [9]. In
addition, this indicator is not used in international comparisons. It is explained by
the fact that not all countries evaluate the economy,which is not directly observed, for
all its components, and therefore their comparisonsmayhave unfounded conclusions.

The shadow economy, that is relatively low at between 10.0–15.0%, acts as a
“cushion” for the corporate sector and households, as it mitigates economic fluctua-
tions at the beginning and during the economic crisis. However, in countries where
the shadow sector level exceeds 30.0%, the further growth of shadow activity in such
a period may provoke significant macroeconomic imbalances and shake the mech-
anism of economic security of the state. Thus, during the global financial crisis of
2008–2009 and in 2020, a certain part of business in order to maintain production
and reduce losses pursues a policy of minimizing costs by avoiding paying taxes, and
as a result, the part of the shadow sector of Ukraine for this period increased for more
than 10% and nearly reached 40.0% of GDP only by official estimates [17]. Such
a high value of this indicator had a significant destabilizing effect on the economy
of Ukraine, aggravating negative trends in economy. At the same time, we note that
during 2010–2011, in the conditions of acute phase of the crisis completion and tran-
sition to the recovery phase, less than half of this part of business returned to legal
sector, which according to the optimistic scenario should take place in 2021–2022. In
the acute phase of 2013–2014 crisis in Ukraine, such a scenario was not implemented
due to the continuation of constant local fighting and military aggression in eastern
Ukraine.

We note that the range of informal activities in different sectors of economy differs
significantly depending on the production and economic activities. For example, the
service sector, in particular retail business, home services or agriculture, where there
is no need for significant capital expenditures, is characterized by the highest level
of shadowing. Whereas activities that require a high level of skill and significant
capital expenditures are usually within the formal sector of the economy. However,
according to calculations using official data from the State Statistics Service (see
Table 1) in Ukraine, the opposite situation is observed in the construction sector,
where shadow employment reaches almost 50% in 2019, and in 2015 did not differ
significantly from shadow employment in agriculture and reached for 62% of total
employment in this sector of economic activity [19].

According to the results of calculations by using official statistics, the highest
level of shadow employment was found in agriculture - more than 60.0% of total
number of people employed in industry work in shadow. High level of shadowing
is in the field of construction and real property business - nearly 50%, in the field
of transport and communications, as well as in the field of services, mainly due
to temporary accommodation, catering service and retail trade, where the capacity
of illegal transfer by various estimates range from 20.0 to 30.0%. Despite the fact,
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Table 1 The level of shadow employment in Ukraine and by individual sectors of the national
economy, % of total employment

Indicator 2014 2015 2016 2017 2018 2019

Shadow employment in Ukraine 25.1 26.2 24.3 22.9 21.6 20.9

Shadow employment by economic sectors:

Industry 8.6 9.9 8.4 7.2 6.7 6.9

Agriculture 68.2 66.0 63.6 62.5 62.3 64.4

Construction 61.0 62.0 57.2 55.8 52.9 49.3

Transport and communication 15.8 16.5 13.1 11.8 14.0 11.8

Trade 31.8 32.3 28.4 24.2 21.1 19.8

Temporary accommodation and catering service 33.1 34.9 30.1 26.1 22.7 22.6

Other types of economic activity 7.0 7.4 7.7 7.5 7.2 6.8

that the level of shadow wages in construction sphere is 2–3 times higher than, for
example, in agriculture, the negative fiscal consequences for the economic security
of Ukraine from the existence of such a great size of the shadow economy in the
construction industry is higher than in other sectors of national economy.

In addition to official statistics for 2018 in the Public Report of the Head of
the State Labor Service of Ukraine [20] by the results of inspections and surveys in
different sectors of Ukrainian economy that have the highest risk of undeclared work,
the second place is obtained by construction companies with an average potential
4035 people employed in the shadows. It follows the service sector, where there are
4789 people thereby (see Fig. 3).
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Fig. 3 The risk of using undeclared work by sectors of the economy of Ukraine based on the results
of the state labor service of Ukraine inspections
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In the field of construction for the first quarter of 2020, the share of the shadow
sector, by theMinistry of Economic Development, Trade and Agriculture of Ukraine
calculations, increased by 9 percentage points up to 36% compared to the first quarter
of 2019. This fact, according to the calculation methodology, is due to an increase in
losses of enterprises in the industry by 1.8 times (up to 1.33 billion UAH in January-
March 2020), got by a significant slowdown in housing construction (due to reduced
economic activity in theworld and supply chain disruption due to the implementation
of preventive quarantine restrictions).

The indicators of the shadow sector in construction business still remain quite
high. The influence of shadow factors on economic life becomes so notable that
the contradictions between informal and formal modes turn from secondary to the
main socio-economic contradiction [21]. Further shadow sector expansion of the
economy threatens its general subordination, so this problem is becoming of national
importance.

To increase the reliability of the results, it is advisable to improve the method of
level of the shadow economy calculating in Ukraine, as by international estimates of
the shadow sector real level in Ukraine significantly exceed the level, found by the
Ministry of Economy, Trade andAgriculture ofUkraine. Thus, themainmethodolog-
ical approaches to the level of the shadow economy calculating used by the Ministry
of Economy of Ukraine do not take into account such factors of the economy shad-
owing as imperfect institutional environment, legal framework inconsistency and
shortcomings in economic activity regulation. Based on the fact that all the above
factors force companies tomove from the legal sector to the shadow one, their impact
should be taken into account by improving approaches to the shadow economy level
estimating by introducing additional adjustment factors or using a separate method
in calculating the integrated indicator of the shadow economy. It should also be noted
that the method of level of the shadow economy calculating in Ukraine also does not
take into account the factor of budget allocations misuse, which according to experts
and based on research byAustrian economist F. Schneider has a significant impact on
the formation of shadow capital (it is given in details in the source [14]). Therefore,
taking into account foreign and domestic experience, the identified shortcomings
in methodological recommendations for calculating the shadow economy level in
Ukraine should be taken into account when improving the relevant methodology in
order to obtain more reliable results of calculations for it.

The method of software modeling tries to cut through this shortcoming. The
shadow economy is defined as a non-observable and inaccessible for direct measure-
ment variables. Modeling uses observable indicators to obtain estimates of unob-
served variables. To estimate the long-term level of the shadow economy, we use
classical equation of demand for money, modified with the demand for them from
the shadow economy. Most theories of demand for money lead to a model as in
Eq. (1).

Md

P
= g(Y, R), (1)
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In the Eq. (1): Md, P, Y and R – mean nominal money, price level, variable and the
vector of return on various assets.

In empirical studies, Eq. (1) is often approximated in (semi-)logarithmic form as
in Eq. (2).

md
t − pt = β0 + β1γt + β2R

own + β3R
out+β4�pt (2)

In the Eq. (2): β1 shows the long-term elasticity of money demand to the variable
level, and β2,β3, β4 are long-term semi-elastic to the own Rown and alternative Rout

of nominal money yield and inflation rates. Demand for funds, accompanied by an
additional variable in Eq. (2).

And since this variable is not observational, approximations are used. The ratio of
the official shadow economy is a function of such variables as the growth rate of the
measured product, inflation rates and their change. Inflation leads to an increase in
tax payments when taxpayers move to another tax category as a result of an increase
in nominal rather than real amounts of income, and, therefore, inflation characterizes
the desire of taxpayers to participate in shadow economic activities. In addition,
since inflation affects different sectors of the economy to varying degrees, it leads to
changes in the distribution of income, which, in turn, can lead to neglecting the tax
laws.

It is proved that the choice of the shadow economy assessment method is a
very situational phenomenon. The need to assess certain parameters of the shadow
economy depends on the tasks and research areas. According to calculations, the
budget is formed at various levels of management, considering possible losses from
illegalization of economic activities. To increase the degree of public policy flexi-
bility at various levels of the management hierarchy to the impact of external and
internal factors, it is necessary at the stage of budget formation to develop measures
that enable to compensate negative changes as quickly as possible and with the least
losses.

Of no less importance in Ukraine remains the problem of corruption, which is not
limited to individual countries and is gaining international scale. And the fight against
corruption is one of the most pressing social problems of our time, solution of which
is extremely difficult and important for many countries. For Ukraine, corruption, as
a component of the shadow economy, has become a factor that really threatens the
constitutional order of the state and its national security.

The extent of corruption is difficult to assess. This is primarily due to the fact that
it (like other types of shadow economic activity) is generally hidden from official
statistical accounting. Thus, measuring corruption is an important element of any
national and regional anti-corruption strategy. Regular surveys of corruption extent
are a source of data on the factors that give rise to corruption in its various forms and
help to develop adequate anti-corruption measures. Measuring corruption in itself
is a powerful policy tool: research attracts and strengthens public awareness of the
corruptiondangers and helps it put pressure on the government [1].

Analyzing the world rating “Corruption Perceptions Index 2020” [2], which
is annually formed by the international anti-corruption organization Transparency
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Fig. 4 Dynamics of the Corruption Perceptions Index (CPI) of Ukraine for 2014–2020

International, it is worth noting that Ukraine is rated as the most corrupt country in
Europe, having only 33 points out of 100 possible and taking 117th place among 180
studied countries of the world on par with some African countries such as Nepal,
Egypt, SierraLeone, Swaziland andZambia.However, during 2020,Ukraine climbed
six steps in the global rankings, adding three points compared to the fall in positions
in 2019, when the country took 126th place against 120th place out of 180 countries
in 2018 (see Fig. 4).

Analyzing the structure of the corruption perception index in Ukraine, the largest
growth during 2020 is observed in the data of Global Insight Country Risk Ratings -
by 13 points, reflecting the risks that people/companies in the country l face bribery
or other corrupt business practices from receiving large contracts to daily work.
The Ukraine Index in 2020 improved thanks to the launch of the Supreme Anti-
Corruption Court with appropriate jurisdiction, the restart of the National Agency
for the Prevention of Corruption, the granting of the right to independently carry out
secret investigative actions for NABU, the return of responsibility for illicit enrich-
ment, strengthening the protection of whistleblowers and the necessary changes in
the field of public procurement [23]. It was these events that finally “completed the
chain” of creating an anti-corruption infrastructure in Ukraine, which could only
partially work towards this [2]. However, the delay in the implementation of a full-
fledged judicial reform, constant pressure on anti-corruption institutions, attempts to
disrupt and neutralize achievements in the field of public procurement do not signif-
icantly improve position of Ukraine in the rating and eliminate the corruption threat
to the construction business.

Imperfect legislation, lack of reliable insurance and government guarantees also
hinder the open attraction of domestic and foreign investments to the economy, at
the same time, prerequisites are created for the penetration of organized crime into
the sphere of legal entrepreneurship (investments in production, construction, real
estate, etc.) [22]. For the same reason, imperfect legislation and corruption in state
bodies, profitable projects (for construction, import of raw materials or goods, etc.)
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through various corruption schemes in state tenders are often fought by criminals. It is
important for state institutions to return investor confidence, by improving the current
legislation, developing and adopting appropriate regulatory legal acts, it is necessary
to provide domestic and foreign capital owners with a profitable, transparent and
reliable investment policy, to convince them to reduce the risk of investing in the
Ukrainian economy.

The study of the level of corruption in the construction industry was carried out
by the “Ukrainian Real Estate Club” with the support and advice of the Business
Ombudsman Council in Ukraine from April to June 2019. More than 80% of devel-
opers believe that the source of corruption in the construction sector is associatedwith
the activities of the State Architectural and Construction Inspection. According to the
results of the survey, the most corrupt one remains state regulatory bodies, and most
often corruption is recorded at the stages of project implementation: from obtaining
permits to putting objects into operation. Thus, most of the surveyed construction
and development companies - more than 58% in Kyiv and more than 43% in the
regions - noted thatmanifestations of corruption aremainly concentrated at the stages
of obtaining approvals and permits from regulatory authorities. The most common
form of corruption, according to construction companies, is monetary compensation:
91.7% of respondents [24].

Corruption and shadowing in the field of investment in construction on land plots
cause conditions for deformation and destruction of competition mechanisms in
the land market and distort the mechanisms of cost formation in the sectors of the
economy. For example, high bribes for the acquisition or allotment of a land plot for
construction unreasonably overstate prices in the residential real estate markets [27–
30]. Consequently, the actual problem of land appraisal in today’s conditions is set
aside for construction, because due to the imperfection of the existingmethodological
foundations for the appraisal of soils and the monetary appraisal of land, along
with the absence of normative documents for the economic appraisal of land plots,
conditions are created for underestimating their value when selling and lease and, as
a result, a shortfall in income of the State and local budgets.

To reduce the level of shadowing and corruption in the construction business of
Ukraine, it is necessary to implement the anti-corruption recommendations that are
provided annually by Transparency International, to introduce measures to legalize
the construction business, to implement effective public policy instruments of foreign
countries, considering certain components of shadowing: corruption, economic
cybercrime, “money laundering” through offshore zones and others.

As the studies have shown, the shadow capital amnesty is possible and effective
only under the condition of a stable political and economic system. In addition, the
level of distrust in the state is quite high not only among the population, but also
among business, financial and political groups.

Consequently, the emphasis must be made on improving the institutions of legal
management in construction, the most important are the following components:

1. Regulatory and methodological base and organizational forms of small and
medium-sized businesses shadowing volumes operational monitoring at the
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sectoral, regional and subregional levels of management based on the proposed
methods of selective micro-slowdown and aggregation of resulting estimates.

2. The system of counteracting monopolization and strict control over the obser-
vance of fair competition based on the gradual harmonization of competition,
trade and regulatory policies with those applied in the EU countries.

3. Rational deregulation and regulation of small and medium-sized businesses as
a way to reduce the transaction costs of business in the legal and increase in the
shadow sectors of the economy.

4. Formation of a system for harmonizing the interests of business entities and
society through the development of associative formations of entrepreneurs,
consumers, associations of citizens and strengthening their influence on
the legislative and executive authorities, on economic agents, including on
improving and unconditional compliancewith tax, regulatory and antimonopoly
legislation.

Thus, construction is a specific activity. The construction business is the most
profitable capital investment, which brings a high return on invested capital and a
stable income. Phenomena such as shadowing, raiding, corruption in construction
are widespread enough, they are more of a norm of activity than an exception to the
rule. Moreover, they are highly latent.

It is necessary to transfer the provision of administrative services in construction
to an electronic format and to introduce automatic registration in the register of
permits. Also it should be introduced an exclusively judicial procedure for appealing
the right to carry out preparatory, construction work under the specified permits and
cancellation of declaration of the object readiness for operation [25, 26].

3 Conclusion

In the conceptual, interdisciplinary and scientific-applied components of theoret-
ical and applied research of the prerequisites for shadowing and corruption in the
construction business of Ukraine, epistemological and logical aspects should be
distinguished. The former are means of carrying out research, while the latter reflect
the essence of the knowledge obtained as a result of research. With a productive
epistemological toolkit and its correct application, the gained knowledge becomes an
appropriate scientifically verified information fund for solving the problems of coun-
tering shadow processes in the construction and implementation of state policy of
shading the economy and preventing corruption. The de-shadowing of the economy
is a combination of macro- and micro-level economic, organizational, managerial,
technical, technological and legal state measures to create economic, legal and social
prerequisites for the self-interested and proactive return of relationships among
participants in the financial and economic turnover of things, rights, actions from
shadow to legal (official) economic turnover, as well as building the organizational
and legal infrastructure of a preventive influence on the elimination of the causes and
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conditions conducive to the reproduction of sources of shadow activity of business
entities. The priority in the strategy of de-shadowing the Ukrainian economy should
be to accelerate the development and implementation of the entire range of measures
necessary to achieve this goal. Considering the real state of the domestic economy,
first of all, it is referred to all concerns anti-crisis measures, structural and innovative
transformations in the country in the short and long term.

Themost effectivemethods of shading and decriminalizing the economy are asso-
ciated with the active use of economic and legal levers in the regulation of economic
processes. Solving the problem of shadowing and corruption requires concerted
efforts of the state in many areas of state policy. A real reduction in the shadow
sector can occur only if costs decrease and the efficiency of the legal economy
grows, and parity conditions are created for the functioning of various forms of busi-
ness, including construction. It enhances the competitiveness of legal entrepreneurial
activity andmakes it unprofitable to conceal its results. An indisputable condition for
such a transformation should be the weakening of fiscal pressure, the elimination or
significant reduction of administrative barriers to business development, createsmoti-
vation for the transfer of shadowoperations to a legal basis. Effective counteraction to
the process of corruption and shadowing in the construction business of Ukraine, as
well as the transformation of the shadow component into the legal economy, promote
the development of domestic business, guarantee the economic security of Ukraine,
its independence, sovereignty, progressive socio-economic development.
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Analysis of the Role and Place
of the Building Materials Industry
in the Development of Azerbaijan’s
Economy

Elshad Yusifov , Ahmad Sarkarli , Volodymyr Byba ,
and Tetiana Kushnirova

Abstract The article is devoted to the analysis of the features of the sectoral structure
of the construction materials industry in Azerbaijan, its place in the manufacturing
industry, the economic results of state and private enterprises with the corresponding
industry.

It includes a graphical analysis of various results obtained in the production of
construction materials in the country, including the number of enterprises, industrial
production, number of employees, an average monthly salary in the industry, the
amount of domestic and foreign investment, and other indicators.

Therefore, in order to improve the efficiency of organizational and technolog-
ical solutions in the companies of producing construction materials, it is necessary
to determine the factors affecting its production and prepare scientifically justified
recommendations. Relevant recommendations and suggestions were made in order
to ensure the sustainable development of the industry.

Keywords Competitive environment · Private sector · Profitability · Non-oil
sector · Processing industry · Construction materials

1 Introduction

Inmodern economic conditions competition has becomeglobal. Therefore, the policy
of diversification of the economy is being implemented in our country to ensure a
sustainable development through a competitive economy and economic entities, to
maintain its longevity. As part of the diversification policy, it is important to improve
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the structure of the processing industry, to give priority to industry, especially the
processing industry, to become a key factor in ensuring economic growth in the
country as a whole, as well as improving the quality of production and services.

As one of the important sectors of the processing industry, the production of
construction materials is considered one of the key links in the national industrial
system. A rich raw material base in the relevant field differs in terms of develop-
ment, as well as the potential to organize and implement export-oriented production,
employment in the country and other important aspects. The production of construc-
tion materials plays the role of the material supply base of the construction industry,
which is the main leading sector of the economy after the oil and gas industry.
The leading position of the construction industry in the country’s economy depends
mainly on the production of qualitative construction materials, taking into account
important factors such as quality, price, innovation, energy and science in the produc-
tion process. Thus, the directionswe have listed are also reflected in the State Program
for the Development of Industry in the Republic of Azerbaijan for 2015–2020 and
the Strategic Roadmap for the Development of the National Economy. From this
point of view, it is necessary to study an issue of competitive factor’s increase in the
relevant industry.

The production of construction materials serves to ensure the implementation
of social programs in Azerbaijan. This is one of the important points that makes
the relevant sector competitive. Therefore, in modern conditions, an importance and
efficiency of the construction materials industry, as well as competitiveness must
increase significantly.

2 Main Part

2.1 Purpose of the Article

Themain purpose of the article is to determine the place of the constructionmaterials
industry in the processing industry of the Azerbaijani economy. Also analysing the
features of the development of the construction materials industry in Azerbaijan and
to make recommendations for improving companies of this industry.

2.2 Research Methodology

The methodological basis of the research is a systematic approach aimed at studying
and solving the works of domestic and foreign scientists dealing with the problems of
improving the efficiency of construction of high-rise monolithic reinforced concrete
buildings.
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During the research, methodological guidelines of leading scientific institutions
dealingwith the problemof improving the efficiencyof the construction ofmonolithic
reinforced concrete buildings were used, as well as actual materials of a number of
construction contractors performing large volumes ofmonolithic reinforced concrete
works.

Themethod of expert assessments, probability theory andmathematical statistics,
correlation and regression analysis, graph-analytical method, methods of economic
and mathematical modeling ere used as a research metodology.

2.3 Results

In a competitive environment, both in the domestic market and internationally, deliv-
ering a product that the consumer wants to buy as soon as possible is a very important
factor in terms of gaining an advantage over competitors. To make it possible, the
proper use of an equipment, production time and the process of transporting products
must be carefully considered [7].

In developed countries, the appearance and quality of products as a result of
production are made possible by improving the characteristics of competition [2].

Increasing a macroeconomic efficiency in a foreign economic activity depends
on eliminating the factors that negatively affect competitiveness of local businesses
and Azerbaijani products. The processing industry is the basis of a success in the
developed and newly industrialized countries [1].

The current adoption of the processing industry as a priority area allows to focus on
the activities of existing economic entities in this area, as well as making decisions on
the establishment of new production and processing enterprises in promising areas.
The processing industry has a lot of work to do to meet domestic demand at the
expense of a local production, and the implementation of this process depends on
making optimal decisions based on a comprehensive analysis of all areas.

In general, the global rating organization S&P pays special attention to the
following factors in determining the competitive positions of enterprises of construc-
tion materials [8]:

– market position and development prospects;
– diversity of geographical location, customers and access markets;
– market consolidation;
– pricing capacity;
– range of products offered and brand strength;
– efficiency of operations related to production and sales activities;
– condition of capital expenditures and price base.

The production of constructionmaterials occupies a special place in the processing
industry of the Azerbaijani economy. It is also considered one of the most promising
areas of the processing industry. The number of enterprises operating in the relevant
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industry is 236, most of them are private enterprises. Relevant enterprises are repre-
sented by 12% in the processing industry. Also, there are more than 1,800 registered
individual entrepreneurs engaged in the production of construction materials. The
average number of employees is 12,000, and the average monthly salary is about
600 manats. This is higher than the average monthly salary in the country. At a time
when world oil prices were falling, Azerbaijan also saw a decline in revenues, and in
those years the production of construction materials declined, but in 2018 there was
an increase. The volume of production is more than 730 million manats. Of course,
this figure is below the potential, but the growth trend over the years indicates the
prospect.

In the building materials industry, there are not only competitive and diverse
production facilities, but also various formsof ownership. Inmodern economic condi-
tions, one of the positive indicators of the processing industry in Azerbaijan is that
the number of privately owned manufacturing enterprises often exceeds the number
of state-invested enterprises. For a market economy to be fully formed and to achieve
its specific goals, the statemust act as a controller rather than a participant. The policy
of stimulating the private sector should be preferred and efforts should be made to
improve the structural structure of production.

Most of the enterprises operating in the field of construction materials production
are private enterprises. This, in turn, means meeting one of the requirements of a
market economy (Fig. 1) (Table 1).

Construction materials enterprises in Azerbaijan are located almost in all regions
of the country, and this factor is very important at a time when regional development
is defined as a goal. Unlike other industries, the fact that the raw material base
is rich throughout the country is a factor. Also, industrial enterprises producing
construction materials in exports are achieving development indicators. Thus, Norm
LLC, HolcimAzerbaijan OJSC,Matanat A Company,Metak, Gazakh Cement Plant,
Gilan Construction Materials Plant, Fakhraddin K LLC and other enterprises have
access to foreign markets [5].
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Table 1 Amount of construction materials industry enterprises registered in Azerbaijan by type of
ownership, (units)

Years For all types of
property

Processing
industry

Building
materials
production
companies

Belonging to the
state

Private sector

2010 2650 1909 280 19 261

2011 2508 1791 244 15 229

2012 2514 1795 220 11 209

2013 2527 1764 209 11 198

2014 2534 1762 230 12 218

2015 2583 1778 239 10 230

2016 2561 1775 224 10 214

2017 2582 1826 229 10 220

2018 2837 2034 236 9 227

2019 3169 2330 254 10 244

We can present the field structure of the industry of production of construction
materials in Azerbaijan as an industry with the following features:

– current indicators of industry development in the country;
– technical and technological development in the country;
– freedom of the national economy;
– labor productivity situation.

Figure 1 shows the growth dynamics of the construction materials industry in
Azerbaijan.Here are the indicators for the recent years. Thefigure shows that between
2013 and 2018, production volumes were accompanied by changes. In 2015 and
2016, due to an objective reason, i.e. the fall in world energy prices, the decline in
revenues inAzerbaijan, and thus the reduction of direct investment in the construction
sector, reduced the demand for construction materials. This, in turn, has led to the
entry of industrial enterprises into the market with demand. In 2017 and 2019, on
the contrary, there was an increase of 203 and 15 million manats compared to the
previous year.

Some of the technical and commercial issues faced by local companies when
marketing their products can be presented in the following form:

– high interest rates when raising funds required for anorganization of activities in
the form of loans;

– an import of an equipment necessary for efficient development of material and
technical resources;

– Insufficient expenditures on staff training, market research and scientific research,
and in some cases constitute the bulk of total expenditures.
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It should be noted that the fall in crude oil prices on the world market has high-
lighted the importance of the refining industry in the economy with the disruption of
export–import relations in a resource-dependent economy. The experience ofmodern
developed and newly industrialized countries shows that a competitive economy is
impossible without the leadership of the processing industry.

Sustainable development, increasing employment, developing the export capacity
of the national economy, competitive prices for science and education, investment
in human capital and products for local consumers in relation to existing wages.
It is very important to set the development of the processing industry as the main
goal. A protection of national interests is provided by the ability and readiness of the
government to develop and implement economic projects in the development of the
national economy, to create mechanisms to support the socio-political stability of a
society.

The development of industry in modern times is measured by the current state of
the processing industry. From this point of view, enterprises in the field of production
of constructionmaterials (industry) inAzerbaijan have not fully used their production
potential. In our opinion, the solution of certain issues will create new opportunities
for achieving new economic goals.

The composition of competition policy in the industrial sphere should be struc-
tured in accordance with market demand and structure. Industrial enterprises aiming
at economic growth, first of all, pay attention to the competitiveness of projects when
making correct assessments and efficient use of resources [9].

Based on the facts found in the study of international experience, we can say that
according to the accepted rule, in countrieswith diversified economies, the processing
industry should be 20% or more of GDP. The processing industry in Azerbaijan is
quite developed. The production of construction materials is also considered as an
integral part of the processing industry.

Figure 2 shows the representation of enterprises in the field of construction mate-
rials production in the industrial sphere of the country with the following indicators,
as well as the percentage of investments in a relevant industry.
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Increasing production will, of course, lead to increased profitability. A constant
change in the level of an income once again confirms the importance of the develop-
ment of the processing sector – one of the most important industries in Azerbaijan.
Based on the experience of countries with advanced economic achievements, we can
say that a sustainable and competitive economy is inconceivable without industry.
Satisfactory prices for daily consumer goods in the national consumer market and
the development of industry, especially the processing industry, are very important
for other purposes. From this point of view, the development of industry means the
development of the processing industry.

In order to increase the business environment in the Republic of Azerbaijan
and furthermore improve the position of our country in international rankings, the
industry must be developed. For this purpose, the country’s leadership takes various
measures and issues orders [6].

It should be noted that this industry consists of two main areas: mining and
processing. The extractive industry has developed to a high level in Azerbaijan and
has become the main driving force of the economy.

Processing industry is one of the economic sectors in the Republic of Azerbaijan
to bring the products obtained through the mining industry to a state that can be
consumed in various fields by new forms and methods. This area of an industry, as a
complex area of a complex nature, achieves efficient production results by combining
hundreds of areas.

The industry of production of construction materials is one of the 4 largest sectors
in the grouping of processing industries and occupies an important place in the
Azerbaijani economy in terms of potential opportunities. The share of construction
materials in the country’s GDP is small. From this point of view, the following
conclusions can be drawn when analyzing economic processes and regularities:

– significant share of the extractive industry in the country;
– weak activity in the processing industry as a result of ensuring revenues from raw

material-based exports;
– specialization, mainly in the tourism and other services, is one of the factors

contributing to the weak development of the processing industry.

Industrial enterprises producing construction materials in Azerbaijan play an
important role in the policy of economic diversification. The non-oil sector is the
most important factor in achieving sustainability and effectiveness in an economic
development. Theorganization andmaintenanceof economic activity at an increasing
pace can be possible only as a result of sustainable economic activity.

The need to diversify the economy underscores the importance of the events in the
world economy and, consequently, in the national economy. Comprehensive efforts
should be made to increase the share of various industries, including construction
materials, in GDP. As mentioned above, our country has almost all the opportunities
to increase the production of construction materials.

The non-oil sector proves the importance of the construction materials industry
with a comparable indicator. It is possible to stimulate the creation of new enter-
prises in the field in order to achieve both economic growth and employment, thereby



816 E. Yusifov et al.

10.7
13.2 13.1

11.3 12.5 11.9
14.4

0

5

10

15

20

2013 2014 2015 2016 2017 2018 2019

Fig. 3 Amount of workers in the construction materials industry (thousand people)

increasing the competitiveness of the country’s economy by ensuring perfect compe-
tition. A perfectly competitive enterprise can raise profits from production when the
current market price is higher than the final cost of production. It is also possible to
increase the relevant indicators by improving the legal framework for the struggle
of individual enterprises for qualified personnel, affordable supply of raw materials,
the mass of buyers and sales markets (Fig. 3).

As we have already mentioned, the production of construction materials is the
main industry which supplies materials to the construction sector. Thus, the fact
that the construction sector is one of the leading sectors makes it necessary to pay
attention to the results of economic activity of production enterprises engaged in the
production of construction materials, which perform the function of material supply
of that sector. From this point of view, in the table below it would be expedient to
consider the indicators of production of the main types of products by enterprises in
kind and to analyze their growth rate.

The establishment of enterprises producing construction materials, as well as
industrial complexes will ensure the sustainability and sustainability of the economy
by reducing the dependence on the oil industry, ensuring the future economic
development of the country.

Based on the results of the analysis using the information received in the sector,
to formulate a certain direction of activity for the future period and participate in
decision-making in the relevant sector of the industry.

In particular, an income of the population operating in this field shows the impor-
tance of this field for the country. We can say that the higher the profitability in the
industry, the higher the added value created in the country’s economy. In this regard,
if we look at the average monthly wages of workers in Fig. 4, it is clear that the
average monthly wages of employees in the construction materials industry in the
analyzed years were lower than in the general industry. It should be noted that until
2015, 1 USA dollar was worth 0.78 manats in Azerbaijan, now it is 1.70 manats.

A high level of wages suggests that the construction materials industry plays an
important role in economic development, including improving the living standards of
the population and especially workers in this field. Based on the years described here,
the averagemonthly salary in the country in general and the salary in the construction
materials industry in general are shown. It is clear from Fig. 5 that the salaries paid by
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non-state enterprises in the production of construction materials from state-owned
enterprises in 2018 alone were more than 250 manats. This once again underscores
the need for the development of private industrial enterprises, especially the private
sector.

In industry, it is virtually impossible to ensure the competitiveness of the national
economy without significant investments in fixed assets from internal and external
sources [4].

Attracting foreign investment is even more important. Due to the spread of a new
technology and progressive management and marketing techniques, the country’s
technological development accelerates as the volume of foreign investment increases
[3]. Along with a foreign investment, leads to the import of more advanced techno-
logical equipment, as well as the expansion of export opportunities. Figure 6 shows
the volume of investments in the construction materials industry across the country.

Attracting and protecting investments serves to create new enterprises in the
industrial sector, as well as to increase the production capacity of existing enterprises.
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2.4 Scientific Novelty

As a result of the analysis of the economic activity of the enterprises, it was revealed
that they have various shortcomings, and in order to increase the competitiveness of
the enterprise by eliminating them, the following is proposed:

– support ways to increase product sales with modern opportunities;
– continuous improvement of product quality;
– cost reduction;
– regular professional development of staff;
– application of innovative development policy.

2.5 Practical Importance

In addition to the above mentioned, the acquisition of a cheap raw material base, as
well as the reduction of transport and logistics costs is one of the key factors ensuring
a competitive advantage.

3 Conclusions

Compared to industrialized countries, production in the construction materials
industry in Azerbaijan is more material-intensive and energy-intensive. The mate-
rial cost of the products produced in the relevant industry complicates the process
of using price competition. In this case, the reduction of energy costs is seen as an
important step in increasing the competitiveness of local building materials industry
products. It should be noted that energy saving in the building materials industry can
be considered as one of themost important factors to ensure a competitive advantage.
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Abstract Features of value added tax (VAT) taxation of construction companies
are considered in the research. The authors examine the current tax legislation of
Ukraine and some European Union countries. It is determined that development of
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on many factors, including tax structures used by the state in the legal regulation of
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companies, including tax exemptions, application of preferential tax rates, reduction
of the object of taxation, establishment of simplified taxes, etc. Direct and indirect
taxation benefits of construction companies may be provided by the tax legislation.
It is determined that any tax benefits stimulate the development of the construction
industry.Thepurchasingpower of citizens is declining, profits of construction compa-
nies are falling, and economic development is slowing down in conditions of coron-
avirus spread. Therefore, the state needs to support business, including construction.
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buyers’ purchasing power, improving the performance of construction companies.
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1 Introduction

Company in any industry seeks to minimize taxable income by increasing costs.
Construction companies are no exception. For the development of the construction
industry in the current conditions in Ukraine, it is important to provide support and
create a favorable climate on the part of the state for the operation of construc-
tion companies. The state can influence through tax legislation in order to stimulate
industry development. Tax legislation provides for a variety of methods for influ-
encing the company’s activities, in particular, exemption from taxation, reduction of
the object of taxation, the use of preferential tax rates, etc.

This research is dedicated to analysis of taxation of construction industry compa-
nies in Ukraine and EU countries. The challenge is to ensure the dynamic innovative
development of the construction industry, which will give impetus to other sectors of
the economy, to protect the housing rights of its citizens, which will promote positive
economic and social situation in society.

Using the experience of EU countries on the one hand will support the develop-
ment of construction companies in Ukraine, on the other hand will ensure the harmo-
nization of tax legislation of Ukraine to EU requirements. Today, the tax system of
Ukraine still does not contribute to the formation of a socially oriented competitive
market economy. The state of the tax system cannot be compared with the EU coun-
tries in economic development, level of corruption, level of shadow economy, tax
culture, state support of business, etc.

2 Aims

The purpose of the paper is to investigate the tax legislation of Ukraine and the EU to
analyze features of vat taxation of construction companies, use positive experience
to stimulate the development of the construction industry, as well as to develop
a strategy for effective tax management in conditions of coronavirus spread. This
investigation should serve as further scientific research that is necessary to develop
a strategy for effective public management of the construction industry in particular
and the national economy in general.

3 Methods of Study

The general dialectical method and special theoretical research methods are used
in the paper. In particular, the dialectical method is used to understand the legal
nature of VAT, tax benefits. The research used comparative legal method, according
to which the legislation of the European Union is analyzed and the experience of
legal regulation of tax relations in some countries is studied. The method of scientific
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abstraction is used to determine the features of taxation of construction companies;
system analysis method is used to study the tax system of Ukraine and certain EU
countries; statistical methods—used to analyze VAT rates and tax benefits.

4 Main body

The process of tax harmonization faces the solution of two opposites in essence prob-
lems. The essence of the first is that the formation of a single internal market involves
the unification of tax legislation. This is especially true for the profits of enterprises
and the income of investors, because only the solution of this problem allows the
capital to move freely between EU member states and to avoid barriers that hinder
the development of scientific and technological integration and the dissemination of
the latest advances in science, technology and technology between the states. On the
other hand, the harmonization of taxes, its rates, the provision of various investment
privileges affects the domestic policy of the state, objectively reduces the amount of
taxes received in the revenue part of the state budget. In addition, the government’s
influence on domestic producers is decreasing [7, 17, 18].

The process of tax harmonization is necessary not only to bring tax legislation
into line with European standards. It is necessary for Ukraine to form an effective
tax policy and in the future to be able to compete with the countries of the European
Union [19, 20].

According to the Visa Liberalization Action Plan, one of the issues is the direc-
tion of development and implementation of tax systems and their institutions in
accordance with international and EU standards, covering tax reform, including the
adoption and implementation of VAT legislation [12].

Value added tax is widely used in the European Union. This tax is added to the
value added of goods and services. It is paid by consumers who buy goods and
services in the European Union. Therefore, exported goods or services provided
abroad are generally not VAT subject. On the contrary, imported goods are taxed for
equal and fair competition in the EU market [13].

VAT is one of the main revenues of the budget. The tax is paid by citizens as the
main consumers of goods and services. High VAT rates and rapid inflation can be
a factor holding back economic development. Rising prices reduce the purchasing
power of the population and lead to negative economic consequences in the current
conditions of the spread of coronavirus in Ukraine and abroad.

VAT applies to most countries of the European Community. This tax is used to
create a single revenue part of the Community budget and amounts to 1.4% of the
taxes collected by each member state of the Community. Indirect taxation mecha-
nisms within the EU are constrained by significant differences in value added tax
rates (from 14%—in Germany to 22%—in Denmark). Therefore, one of the main
achievements in the formation of the single European market is the agreement on the
unification of the indirect taxation system and the introduction of an average rate of
value added tax at 15% [5].
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In accordance with the Strategy for the sustainable competitiveness of the
construction sector and its enterprises (2012) that improves training, tendering and
financing in the construction sector the construction sector plays an important role in
the European economy. It creates 20million jobs in large and small businesses. Inter-
mediate products are used in construction, including technical equipment, raw mate-
rials and others. The construction industry will significantly affect the development
of the economy as a whole [6].

Legal regulation of tax relations in the Member States of the European Union
(EU) has features that depend on the type of taxation. EU member states retain
some degree of autonomy in the area of collection of direct taxes in line with the
national tax systems of theEUcommon economic policy. Joint actions of theMember
States of the European Union on indirect taxes are laid down in Regulation (EC) No.
1286/2013 of the Council and of the European Parliament of 11 December 2013 on
the establishment of a program of actions to improve the functioning of the taxation
system for the period 2014–2020 in theEuropeanUnion (Fiscalis 2020) and repealing
Decision No. 1482/2007/EC [8].

Council Directive 2006/112/EC of 28 November 2006 on the common system of
value-added tax provides for a list of supplies of goods and services to which reduced
rates may apply. In particular, the list includes the construction, repair and renovation
of housing within the limits of social policy, which may be subject to reduced rates
of value-added tax. According to Annex III of the Council Directive 2006/112/EC of
28 November 2006 list of supplies of goods and services to which the reduced rates
referred to in article 98 may be applied is defined. According to Article 98 of the
Council Directive, Member States may apply either one or two reduced rates. The
reduced rates shall be defined as a percentage of the taxable amount, which may not
be less than 5%. Each reduced rate shall be so fixed that the amount of VAT resulting
from its application is such that the VAT deductible under Articles 167 to 171 and
Articles 173 to 177 can normally be deducted in full (Article 99) [2].

As a rule, value added tax legislation in the EU countries defines a basic, reduced
and preferential tax rate. Zero value added tax is applied to individual tax transactions.
Countries stimulate the development of the construction industry in different ways
by applying a zero or reduced tax rate. In the Czech Republic Parliament has resolved
Act of 1 April 2004 on Value-Added Tax No. 235/2004 Coll. In § 47 of this law, the
following tax rates for taxable transactions are defined: base rate 21%, first reduced
rate 15%, second reduced rate 10%. According to § 47 of the Act on Value-Added
Tax the first reduced tax rate applies to the provision of construction or assembly
work carried out on a completed construction if it is a residential or social housing
construction, which includes the construction of a multi-apartment building, the
construction of a family home in accordance with the legislation governing the land
cadastre, including that established on a land plot forming a functional unit with
this building of an apartment building or family home; living space; a room used in
conjunction with a living space located in the same building, which is firmly attached
to the ground [14]. In addition to § 15 of the Law of the Czech National Council on
income tax of November 20, 1992, provides that the taxable base deducts an amount
equal to the interest payable in the tax period for a savings loan for construction [15].
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Provisionof §92Eof theVATAct came into effect on January1, 2012, underwhich
the reverse charge mechanism has been expanded to the construction and assembly
works. Thanks to the implementation of the reverse charge in the building industry,
therewas a significant extension of the groupof taxpayers,whomust apply the reverse
charge. VAT Act provides that the reverse charge mechanism contained in § 92a can
be applied only to the realized taxable fulfillments with the place of the fulfillment
in the home country. Voluntary registrations to VAT are typical in relation to the
provision of construction works related to housing, where there is the application of
a reduced VAT rate. However, the purchases of construction materials are performed
in the standard VAT rate. Therefore, it is advantageous to become a VAT payer also
for persons liable to tax which do not reach the legal limit for the compulsory VAT
registration. The reverse charge mechanism is not applicable if the taxpayer provides
assembly and construction works to recipient who is not VAT payer, and also in the
case, when the building contractor and provider of assembly works are not liable to
VAT. Tax liability in the construction sector was also significantly influenced by the
change to the reduced tax rate of VAT from 10 to 14%. As consequence of imposing
tax liability on the purchaser (a person who receives taxable supplies) tax liability
shifted from the construction sector to other branches [4].

In Slovenia Value-Added Tax is paid from construction work, including repairs,
cleaning, maintenance, reconstruction and demolition of real estate. Value-Added
Tax is charged and paid at a general rate of 22% of the taxable amount and it is the
same for the supply of goods and services. According to Article 41 of the Value-
Added Tax Act adopted on October 27, 2006, Tax shall be paid at a lower rate of
9,5% of the taxable amount for the supply of goods and services referred to in Annex
I, which is annexed to this Act and its constituent part. Appendix I determine the List
of supplies of goods and services, entered into the reduced price of Value-Added Tax,
which includes flats, housing and other facilities intended for permanent residence
and parts of these buildings that are not part of a social policy, including construction,
reconstruction and repair [16].

In the United Kingdom, which withdrew from the European Union, the value
added tax shall be charged in accordance with the An Act to consolidate the enact-
ments relating to value added tax, including certain enactments relating to VAT
tribunals — Value Added Tax Act of 5th July 1994. VAT shall be charged at the rate
of 20% and reduced rate is 5%. If the taxable person supplies construction services
then the supply is zero-rated. According to Article 30 of Value Added Tax Act, a
supply of goods or services is zero-rated by virtue of this subsection if the goods or
services are of a description for the time being specified in Schedule 8 or the supply is
of a description for the time being so specified. Group 5 “Construction of buildings,
etc.” of Schedule 8 includes constructing a building, the supply in the course of the
construction, the supply to a in the course of conversion of a non-residential building
or a non-residential part of a building, the supply of building materials to a person
to whom the supplier is supplying services [10].

In Italy, the procedure for paying value-added tax is regulated by Presidential
Decree of the Republic of October 26, 1972 633—Creation and regulation of value-
added tax. According to Article 79 of this Decree “Application of the tax in the
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building sector” for the sale of buildings or production units by construction compa-
nies, as well as for the services rendered by mortgage contracts relating to construc-
tion, the buildings themselves, the value-added tax rate is reduced to six percent. For
certain services dependent on contracts related to the construction of buildings, the
value-added tax rate is applied at the level of 4% PARTE II (part I of the Decree).
Part II of the Decree refers to goods and services taxed at a rate of 10%. These
services include services rendered depending on contracts related to construction
work on urbanization, subway construction and other transport lines, fixed line trans-
port lines; industrial enterprises and distribution networks of heat and electricity from
solar photovoltaic and wind power sources; sewage treatment plants, also intended
for connection to sewage networks, intercommunication and the variety of supplies
associated with them [3].

Taxpayers apply reduced VAT rates to construction-related transactions not just in
social construction. Reduced VAT rates are applied in EU countries for construction
work on new buildings (%): Belgium – 6, 12; Ireland – 13.5; Spain – 4, 10; Italy – 4,
10; Luxembourg –3; Poland – 8; Portugal – 6; Slovenia – 9.5. There are also reduced
VAT rates (%) for supplies of new buildings (Ireland – 13.5; Spain – 10; Italy – 4,
10; Luxembourg – 3; Hungary – 5; Poland – 8; Slovenia – 9.5) [11].

Tax legislation of Ukraine provides for tax incentives for construction customers,
as well as individuals who pay income tax. According to Article 166.3.8 of the
Tax Code of Ukraine, the taxpayer has the right to include in the tax deduction the
taxpayer’s expenses for the construction (purchase) of affordable housing determined
by law, including the repayment of a residential mortgage loan granted for such
purposes and the interest on it.

Taxation of construction companies has a number of features that depend on
many factors. First of all, the company’s taxation depends on the type of construc-
tion financing: through joint investment institutions, construction financing funds,
mortgage lending, etc. In particular, according to Article 197.15 of the Tax Code
of Ukraine provides for the exemption from value-added tax of operations for the
supply of construction works on affordable housing and housing that is being built on
the state funds. In addition, it is determined that exempt from taxation the supply of
housing (housing stock), in addition to their first supply (clause 197.1.14, item 197.1
of Article 197 of the Tax Code of Ukraine). The tax credit includes the amount of
tax paid/accrued in the case of operations for the construction of non-current assets
(paragraph 198.1 of Article 198 of the Tax Code of Ukraine). VAT payers that are
developers and implementers target program of construction and directly engaged
in construction work have the right to apply the tax exemption privileges on VAT
treatment of supplies of construction works on construction of housing.

Besides, tax legislation has established features of taxation of collective invest-
ment institutions that are used not only in the activities of construction companies.
According to Article 141.6.1 of the Tax Code of Ukraine, common investment funds
are exempt from taxation [9]. Taking into account the relevant rules governing the
procedure for paying corporate income tax, it should be noted that there is no sepa-
rate preferential income tax procedure for construction companies. Given the rele-
vant rules governing the procedure for payment of corporate income tax, it should be
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noted that a separate preferential procedure for corporate income tax for construction
companies is absent in Ukraine.

Construction companies need state support to stimulate development. In our
opinion, one of the types of such support is the use of the experience of Euro-
pean countries in applying a reduced VAT rate and tax exemptions. Clearly, under
conditions of coronavirus spread to public authorities, it will be difficult to do. It’s
necessary to find alternative sources of revenue to the state budget – non-tax revenues,
including investments in business and production. Besides scientists recommend that
self-reporting tax system is highly activated so that the costs of value added tax
collection reduced [1].

European experience should be implemented in Ukrainian legislation. These
changes will be in line with EU Council Directive 2006/112/EU of 28 November
2006 [2] on the common system of value added tax, which provides for the applica-
tion of a reduced VAT rate to the construction, repair and reconstruction of housing.
But it’s necessary to develop a strategy for the gradual amendment of tax legislation.
VAT needs to be reduced gradually by setting temporary standards and assessing the
economic and social consequences.

5 Conclusions

Prerequisite for effective reform in our country is experience of foreign countries
investigation in organizing the tax legislation reforms. A comparative analysis of
the tax legislation of Ukraine and individual member states of the European Union
showed that states apply different ways of stimulating development of the construc-
tion industry by establishingprivileges for bothdirect and indirect taxationof building
enterprises. In Ukraine, there is a direct indication of exemption from value added tax
for the supply of construction and installation work for the construction of affordable
housing and housing built at public expense.

In the EU, direct taxes are regulated independently by the Member States, which
certainly needs further research. With regard to indirect taxation, in particular value
added tax, as a general rule, EU Member States have the right to apply reduced
rates of value added tax to construction companies. Laws on zero or reduced VAT
rates for companies that build housing under state social programs do not apply in
all EU countries. Nevertheless, the level of economic development, including the
construction industry in the EU, is much higher than in other countries, which in turn
provides adequate funding for the construction industry by the state. It is necessary
to expand the list of benefits for the taxation of construction companies to stimulate
the development of the construction industry. Ukraine needs to use the European
experience in applying a reduced VAT rate to construction companies that perform
work to ensure construction under the State Budget program and for companies that
engage in construction work on new buildings. But reduction of the tax rate should be
gradual and cautious, as revenues from this tax to the budget now account for more
than a third of all revenues. This, in turn, will reduce the tax burden on construction
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companies that build social housing; reducing the cost of housing, which is of great
importance in the current context of the spread of coronavirus and reducing the
citizens’ purchasing power.

Stimulating such a priority sector as construction through preferential taxation
will give impetus to the development of other important sectors of the economy:
energy, engineering, metallurgy, transport and more.
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