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During operation, building materials and structures in buildings and structures are exposed to a whole range of
adverse effects, leading to the loss of their performance characteristics.lt is shown that at present there is a possi-
bility to predict the durability of building materials and structures already at the stage of their design without carrying
out additional inspections during operation. This prediction is based on the concept thermal fluctuations destruction
and deformation of the solid body. Experimental studies are presented to determine the effect of temperature and
stress on the value of durability for polyvinyl chloride plates during cross bending, on the basis of which the ther-
mal fluctuation constants of the generalized Zhurkov equation are found by three different methods. A comparative
analysis of them is made and a method for their determination is proposed, which makes it possible to increase the

accuracy of the durability prediction.

Key words: generalized Zhurkov equation, errors, durability prediction, thermal fluctuation concept, economic

efficiency

INTRODUCTION

On the balance sheet of an enterprise there can be both
circulating and fixed assets, which are understood as
various tangible assets used for more than one year in
the process of the organization's financial and econom-
ic activities, as well as administrative, socio-cultural and
other types of activities [1]. Fixed assets are divided into
production, which in turn are divided into active and pas-
sive fixed assets, and non-production. One of the main
groups of passive fixed assets are buildings and struc-
tures that are characterized by high price.

MATERIALS AND METHODS

Buildings and structures consist of load-bearing and en-
closing structures that are exposed to a whole range of
both power loads and adverse effects of various nature
(atmospheric, aggressive, etc.), leading to a decrease in
their service life. The residual resource of buildings and
structures in general, and building structures and mate-
rials in particular, is established during a survey, which
can be carried out both in the form of a visual inspection
of load-bearing structures (the presence of defects vis-
ible with the naked eye and their number is assessed),
and with the help of instrumental control of destructive
and non-destructive methods. The composition and fre-
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quency of inspections, including instrumental control, is
determined by regulatory enactments and depends on
the level of the structure, as well as on the conditions of
its operation [2].

The current development of building science makes
it possible to predict the service life (durability) of the
structure at the design stage, knowing the operating
conditions (stress-deformed state of the structure, loads,
presence of adverse effects) and materials used. The
exact time period of major maintenance, justified by the
need to avoid structural failure (malfunction), will enable
the organization to plan in advance the composition and
scope of repairs or reinforcements, To lay down the re-
quired levels of financing for planned activities, and to
optimize productive activities in the event that it is impos-
sible to combine them with repairs [3].

A temperature-time dependence of strength makes it
advisable to apply the thermoplastic concept of break-
ing and deformation of solids to predict the durability of
building materials or structures, based on the concept
of the critical role of the thermal motion of kinetic parti-
cles in the process of fracture (deformation). Durability
together with reliability, serviceability are the characteris-
tics of reliability [4-9].

In the thermo-fluorescence concept, body fracture is
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considered to be a thermo-excitation process that devel-
ops in time when applied to it by a load that reduces the
energy of the bonds, which in turn leads to changes in
the distance between the atoms. Consequently, with the
increase of the mechanical field, there is an accelera-
tion of the breaking of the interatomic or intermolecular
bonds. The directionality of the applied load makes the
process irreversible by accumulating elementary breaks.

The dependence of durability on operating stresses and
ambient temperature is described by the generalized
Zhurkov equation [10]:

T=1, vcxp{U“ _Ry e, (T S 6 ]}

which in the classical case includes four thermoplastic
constants. These constants are determined by rearrang-
ing the graph of the coordinate logarithm time of the volt-
age into a graph, constructed at the coordinates of the
logarithm time from the value of the return temperature
of 1,000 times increased. The accuracy of the constant
data determination depends directly on the reliability of
the durability prediction. At the same time, the deviation
from the forecast period, especially if the required repairs
are to be carried out earlier than planned, will undoubt-
edly have a negative impact on the economic well-being
of the enterprise.

The only possible way for producing the thermopluxa-
tion constants of the generalized Zhurkov equation at
present is the experimental values of durability at certain
stresses and temperatures. Hence, it is the experiment
that is the main method of scientific knowledge in this
case. Any experiment involves measurement errors,
which by the nature of the occurrence are systematic,
random and rough (misses), and by the method of mea-
surement, the error of direct measurements, the error
of indirectly reproducible and non-replicable measure-

ments [11]. Any error occurring during the experiment, let
alone their superimposition, causes the experimental du-
rability values to deviate from their real values. Various
statistical processing techniques are used to minimize
the impact of errors on the final result. The application
of different methods, as well as the level of relevance
and confidence, can lead to different values of average
durability, or more precisely logarithm, with an identical
set of raw data. And taking into account that the meth-
od for determining thermopluxation constants involves
working at semi-log coordinates, even minor errors in the
area of small durability (experimental domain). In large
extrapolations, the estimated service lives differ signifi-
cantly from the real service life, which can be as long as
several years or even decades. Although the method for
determining thermopluxation constants is uniform, there
are three possible ways of implementing it:

+ graphical, in which the construction and reconstruc-
tion of graphs as well as all calculations are per-
formed «manually»;

» graph-analytical, where coefficients are semi-auto-
matic (graphs are constructed using specialized pro-
grams such as «Microsoft Excel»);

* mathematical, which is produced using a mathemat-
ical device, in particular the properties of a linear
function.

Each of these methods has its own errors, which can
lead to different outcomes when the source data set is
identical.

The determination of the thermopluxation constants of
the generalized Zhurkov equation of polyvinyl chloride
plates at transverse bending in different ways based on
experimental values of material durability [12] (Figure 1)
at specified stresses and temperatures has shown: that
the discrepancy T _is 15,5 %, — 7, 1,7 %, — U,17 %,
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Figure 1: Dependence graph of the decimal logarithm of durability on voltage at a given temperature
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and y — 21 %. Determination of the thermopluxation con-
stants of the generalized Zhurkov equation of polyvinyl
chloride plates at transverse bending in different ways,
based on the experimental values of material durabili-
ty [12] (Figure 1). At certain stresses and temperatures,
the value of the resultant thermofluodate constants is
graphically dependent on the researcher’s qualifications.
The thermal fluctuation constants found by the methods
are summarized in Table 1.

Thus, the deviation of the predicted service life from the
real one when using various methods for determining
the constants can range from several years to decades,
depending on the voltage and operating temperature. It
should also be noted that the thermal fluctuation con-
stants obtained by a mathematical method give the
greatest convergence with the initial data in the verifica-
tion calculation of the material durability. In a mathemati-
cal calculation, the error is 5...15 %; with graphic-analyt-
ical, it reaches 170 %; and with graphical - up to 300%.

At present, thermal fluorescence constants require at

least 15 points at three different temperatures, with at
least 6 tests per point required under similar conditions,
which leads to a lot of work and accumulation of errors.

Based on the hypothesis that the change in the slope of
the straight temperatures of the graph at the time loga-
rithm coordinates of the voltage (Figure 1) is subject to a
linear relationship and the possibility of determining the
temperature of the existence of a solid body from the ma-
terial derivative, It is possible to determine the remaining
thermal fluorescence constants from a single line tem-
perature and an additional point at a different tempera-
ture. For polyvinyl chloride plates, the thermopluxation
constants found based on the above considerations are
presented in Table 2.

Table 2: Thermal fluctuations constants

T,.K
400

T, C
0,215

U,, kdJ / mol
329

v, kd / mol « MPa
50

Table 1: Summary table of found thermal fluorescence constants by different methods

Method of Determination | T ,K | 7,¢c [ U, kd/mol |y, kJ/ mol - MPa
Mathematical Method 400 | 0,177 3134 47,15
Graphic-Analytical
Method 431 | 0,011 327 48
Graphical Method 390 | 0,18 370 58

CONCLUSIONS

Analysis of the data in Tables 1 and 2 shows that while
reducing labor costs for finding the thermal fluctuation
constants, the obtained values correspond to the values
obtained by the standard method.

Thus, the number of experiments is reduced by almost
three times, which makes it possible to increase the num-
ber of studies conducted per point. At the same time, the
labor input is still reduced and the reliability of the results
is increased by reducing the number of operations and
increasing the sample. As the reliability of the thermal
fluorescence constants increases, so does the reliability
of the durability prediction, and hence the timing of major
repairs, which in turn increases the cost-effectiveness of
long-term financial planning.
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