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RELIABILITY OF CONSTRUCTIONAL PRODUCTION LINE
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The article discusses the most important quantitative characteristics of the reliability of constructional production
line. The reliability of constructional production line, in the general case, is understood as its property to maintain its
parameters in permissible, predetermined limits. One of the main parameters of constructional production line is its
intensity. In addition, intensity is one of the main indicators characterizing the efficiency of the production line. Gen-
erally speaking, efficiency serves as a measure of system productivity taking into account the external environment.
Therefore, in a particular case, the reliability of constructional production line can be understood as the stability of its

intensity.
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INTRODUCTION

The most important concepts are reliability and failure in
reliability theory. In determining reliability, first, two sides
of the issue are distinguished: quantitative and quali-
tative ones. Reliability, as a property of the system, is
characterized by a qualitative definition. The quantitative
characteristics of reliability measure the manifestation of
this property.

The reliability of constructional production line should be
practically determined in real operating conditions, tak-
ing into account the complex effects of external and in-
ternal factors related to climate patterns and geographic
features, the real operating conditions of constructional
production line and the conditions for providing the nec-
essary resources [1] to [ 3].

It is common to distinguish between the reliability of sys-
tems and the reliability of the elements that make up the
reliability theory [4], [5].

We call a system any complex constructional production
line: specialized (for example, production lines for laying
utility networks); object (for example, production lines
for the construction of individual buildings); complex (for
example, construction of a residential quarter, microdis-
trict, including the construction of buildings for various
purposes, roads, utilities, electrical networks, landscap-
ing, etc.) [6], [7]. Elementary constructional production
line (for example, installation of a building) is called an
element.

Naturally, the division of the constructional production
line into systems and elements is a conditional number,
but it is necessary for the process of studying its reliabil-
ity [8] to [10].

The reliability of the constructional production line, in
the general case, is understood as its property to main-
tain its parameters in permissible, predetermined limits
[11]. Intensity is one of its main parameters. In addition,
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intensity is one of the main indicators characterizing the
efficiency of production line. Efficiency, in the general
case, serves as a measure of system productivity tak-
ing into account the external environment. Therefore, in
the particular case, the reliability of the constructional
production line can be understood as the stability of its
intensity.

The failure of the constructional production line, in the
general case, means the exit of its parameters beyond
the permissible, predetermined limits. In particular, the
functioning of production line with intensity less than a
predetermined one (low intensity) can serve as a conve-
nient determination of failure.

CONCEPT OF SYSTEM RELIABILITY

The reliability of any system is a broad concept, and
therefore can be quantified only using a number of crite-
ria. In this case, “by the criterion of reliability” we mean
the sign by which reliability is evaluated [12]. The quanti-
tative content of the reliability criterion is called a charac-
teristic or reliability parameter. The introduction of quan-
titative reliability characteristics is caused by the need,
since only with their help it is possible [13], [14]:

» calculate production line reliability;

« formulate requirements for reliability of designed
production line;

« compare the reliability of various elements of con-
structional production line;

« calculate the actual construction time taking into ac-
count the reliability of production line elements;
+ outline ways to improve production line reliability;

» calculate the required amount of basic and reserve
resources necessary for the construction to be car-
ried out on schedule and with the best technical and
economic indicators.
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RELIABILITY CHARACTERISTICS OF
CONSTRUCTIONAL PRODUCTION LINE

Consider the most important quantitative characteristics
of reliability of constructional production line.

1. The probability of functioning of production line with
a given intensity R,can be expressed by the proba-
bility that the actual intensity (/) of production line i
will be no less than the projected i

R =1-F(I<i)=PI>i)= TP(i)di (1)

Imin
2. The probability of completing a certain amount of
work in the estimated time period R, In this case,
it is necessary to take into account the inverse re-
lationship between the intensity i and the duration
i= 9 (2)
t
where q is the amount of work. Then

I3
R =F(t<t,)= [P(t)dr 3)
Linin
that is, the probability of completing work on time is
equal to the probability that this period will not exceed

the given ().

3. When designing the production line term for intensity
(t,), it is important to know its mathematical expec-
tation (M):

Imax

iy =M(i)= [iP(i)di (4)

lmln

Statistically, the average production line intensity i is
determined by the formula:

c_hm +hmy+.Him +.+im,

n

2
== =2 0B

n j=l
Where i- observed intensity values; m- frequency of
production line functioning with i-th intensity; n is the
number of observations; Pj is the probability of func-
tioning of production lines with the i-th intensity.

For large n, according to the Chebyshev theorem
[15]:

i~M(i)=i, (6)

4. The dispersion of production line rate D, is calculated
as follows: _

D, =M(i~i)' = [(i~i,) P(i)di (7)

5. Similarly, the variance of the duration of a given
amount of work D, is determined by the formula:

tmax

D, =M(t—1,] = [(t~1,) P(e)t (8)

2

min

min
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The main characteristics do not exhaust the concept
of reliability of constructional production line suffi-
ciently. The probabilistic nature of both the intensity
and the timing of construction is due to the influence
of a large number of disturbing factors, which are
most manifested in the form of various downtimes
of constructional production line. As a result of this,
we give the criteria necessary to assess the effect of
obvious downtime on reliability to characterize the
reliability of production line fully.

6. The mathematical expectation of forced downtime
duration of production line is determined by the for-
mula:

x,=M(x)= xmfxxP(x)dx 9)

Accordingly, statistically [16]:
— Xyt XMy XM+ XM,
X = - - =
n n (1 0)
Zx,.mi "
==L =%»xP
n ; Jol
7. The variance of forced downtime duration of
production line is defined as:

D)= M(x—x,F = [ (x—x,F P(x)ar

X,

(1)

8. The next criterion is the probability of line failure,
generally speaking, can be expressed in terms of
probability of production line downtime. However,
the relationship between the value of downtime and
the value of intensity, as one of the main characteris-
tics of production line reliability, is not functional due
to the destabilizing effect of many hidden factors, the
influence of which can only be determined statisti-
cally.Therefore, in the general case, each value of
the amount of production line downtime may corre-
spond not to one but several values of its intensity.
This means that a production line failure will occur in
the general case when some critical downtime value
is reached, which should be determined statistically.
The concept of critical gap will be described in detail
below. Given the above, the probability of production
line failure Q _can be defined as the probability that
the downtime reaches critical:

0, =P(x>x,)= [ P(x)dx (12)

9. According to the probability addition theorem for
opposite events [16], the probability of failure-free
operation of production line R is calculated by the
formula:

R =1-0,=1-P(x>x,)=F(x<x,)= j.PP(x)a’x (13)

10. The average uptime of production line can be deter-
mined from the following expression:

=1, =ty (19
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11. Where t " is the average uptime; t, is the total oper-
ating time of production line; ¢t is the average idle
time, the value of which exceeds a critical value.

Reliability can also be characterized by the following fac-
tors:

1. The production line readiness coefficient Kr, that is,
the ratio of the production line uptime to the total
time of its operation, including the time of failures, is
determined by the formula:

tSIMI B t(l),lul

T

2. The forced downtime coefficient Kd is the ratio of crit-
ical downtime to the sum of downtime and uptime:

14 4
Kd="=_"0
A N (16)

Kr = (15)

t

3. Thecoefficientof relative flow efficiency K™is equal to:

K== (17)

l‘S
where i is the average actual flow rate; i_is the spec-
ified (calculated) intensity.

Using the above criteria and coefficients, it is possible
to characterize the reliability of constructional production
line sufficiently fully or any structure. At the same time, it
should be noted that, given the complexity of determin-
ing the statistical characteristics of complex construc-
tional production lines (specialized, objective, complex),
it is most expedient to determine the indicated reliability
characteristics for private production lines, and to evalu-
ate the quality of functioning of complex production lines
by their efficiency, taking into account the reliability of
private production lines.

The coefficient of system efficiency conservationcan
serve as a general indicator of reliability of both elemen-
tary (private) and complex systems or the coefficient of
its relative efficiency [17] can serve as an indicator of
constructional production line.

It should be noted that the main method to increase the
reliability of constructional production line as a whole
should be to increase the reliability of private production
lines.

FACTORS AFFECTING THE RELIABILITY OF
CONSTRUCTIONAL PRODUCTION LINE

Among the many factors affecting the reliability of con-
structional production line, and, ultimately, its efficien-
cy, two main groups can be distinguished: deterministic
factors and random factors. Reliability theory is studying
the influence of precisely random factors on the activity
of systems. The influence of deterministic factors is not
difficult to consider when designing production line. The
influence of a combination of random factors is proba-
bilistic in nature and it is actually much more difficult to
take it into account.

It is impossible to assess the influence of each of the
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many random factors separately, because they are not
only random in nature, but also arise in random combi-
nations and at random times. The approach to the study
of random factors should undoubtedly be statistical in the
construction industry. This means that based on statisti-
cal data, the cumulative effect on the efficiency of con-
structional production line of various random factors is
revealed, the main ones are identified and the proportion
of the influence of each of them is estimated. The impact
of these factors on the reliability and efficiency of con-
structional production line is manifested both explicitly
and in hidden form. Under the influence of these factors,
the production line parameters may go beyond the es-
tablished limits, i.e., the production line will fail.

To the greatest extent, the influence of random factors on
the reliability of production line is manifested in the form
of various irregularities in the construction industry — the
loss of working time, which is usually divided into explicit
and hidden [18], [19]. Hidden losses of working time are
difficult to identify and account for, however, data from
special studies show that these losses are often very sig-
nificant. Explicit losses of time are divided into intra-shift
and shift ones. Hidden downtime, as a rule, is only in-
tra-shift. Loss of time means downtime and unnecessary
work.

Currently, a significant part of construction processes is
mechanized. As an example, consider the characteristic
causes of downtime for mechanized processes. We de-
note the intra-shift time losses of machines for various
reasons, the data of which can be obtained from pho-
tographs of the time of machine use, through x,, x.,...
x,.Then downtime x, - due to lack of materials at the site;
x, - due to lack of electricity or fuel; x, - due to absence
of work front; x, - due to lack of technical documenta-
tion and instructions from technical personnel; x, - due to
malfunctions of machines and mechanisms; x, - due to
lack of transport carrying out the supply of materials to
the construction site; x, - due to violations of labor disci-
pline; x, - due to adverse weather conditions; x, - due to
loss of time for other reasons.

CONCLUSIONS

In order to develop scientifically based measures aimed
at mitigating the destabilizing effect of various factors
on the quality of functioning of constructional production
line, it is necessary to analyze these factors from the
point of view of their controllability [20]. In other words,
in order to increase the reliability of constructional pro-
duction line, it is necessary not only to identify the main
factors among the factors affecting the reliability, but also
to divide these factors into groups (based on the possibil-
ity of impact on them in order to eliminate their influence
completely or partially).

Obviously, some of the factors can be attributed to the
group of fully controllable ones — these are determinate
factors. In fact, such determinate factors as: the volume
of work on erected structures and structures; uniformi-
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ty of the erected structures; methods of production; the
level of accepted specialization and division of labor of
workers; the number and qualifications of workers; the
number of construction machines and necessary equip-
ment can be considered completely controllable, since
their effect on the reliability of constructional production
line can be taken into account in advance, and even
during the operation of production line, if necessary, you
can, for example, change the number of employees, the
number cars, etc. [21], [22].

At the same time, the influence of factors x,, x,, ...,.x, on
the reliability of production line appears randomly and at
random times. By the nature of occurrence and duration,
the resulting downtime can be considered random vari-
ables. This does not mean, however, that some of them
(factors x - x,) cannot be influenced in order to reduce
their influence to a minimum. It is possible to control
these factors during the construction process, but, given
the probabilistic nature of their occurrence, it is difficult to
be sure of their complete elimination.

REFERENCES

1. Bredikhin V. V. (2012). Management of organiza-
tional and economic reliability of urban development.
Proceedings of Southwest University, Ne3, 76-82.

2. Bredikhin V. V. (2012). Analysis of existing methods
for solving the problem of reproduction of residential
real estate objects. SWSU, Kursk.

3. Bredikhin V. V., Shleyenko A. V., Bredikhina N.
V.(2016) Development of the production and techni-
cal potential of the construction. SWSU, Kursk.

4. A. A Lapidus, A. N. Makarov. (2017). Fuzzy model
of development process organization. Proceedings
of Universities. Investments. Constructions. Real es-
tate. Vol.7, Ne1, 59-68.

5. Sadi A., Sadiq A. (2006). Causes of delay in large
construction projects. Journal Project Management.
Vol. 24, Ne4, 349-357.

6. A. A. Lapidus, A. O. Fel'dman. (2015). Valuation
of organizational and technological capacity of a
building project formed on the basis of informational
flows. Vestnik MGSU. Ne11, 193-200.

7. Morozenko Andrey Aleksandrovich, KrasovskiyD-
mitriyViktorovich. (2016). Management of invest-
ment-construction projects basing on the matrix of
key events. Vestnik MGSU. Ne11, 105-113. DOI:
10.22227/1997-0935.2016.11.105-113

Istrazivanja i projektovanja za privredu ISSN 1451-4117
Journal of Applied Engineering Science Vol. 18, No. 4, 2020

10.

11.

12.

13.

14.

15.

16.

17.

18.

-

Lapidus A. A., Abramov I. L. (2019). Systemic inte-
grated approach to evaluating the resource potential
of a construction company as a bidder. IOP CON-
FERENCE SERIES: MATERIALS SCIENCE AND
ENGINEERING, 3rd World Multidisciplinary Civil En-
gineering, Architecture, Urban Planning Symposium
(WMCAUS 2018), p. 052079 DOI: 10.1088/1757-
899X/603/5/052079

Abramov I. L., Lapidus A. A. (2018). Formation of
production structural units within a construction com-
pany using the systemic integrated method when
implementing high-rise development projects. E3S
WEB OF CONFERENCES, p. 03066

Lapidus A., Abramov I. (2020). An assessment
tool for impacts of construction performance indi-
cators on the targeted sustainability of a company.
IOP CONFERENCE SERIES: MATERIALS SCI-
ENCE AND ENGINEERING. International Science
and Technology Conference "FarEastCon 2019". p.
042089. DOI: 10.1088/1757-899X/753/4/042089

Pakhomova Y. G., Bredikhina N. V.(2016) Probabi-
listic laws of destruction of a construction line. Pro-
ceedings of Southwest University, Ne 6, 35 - 40.

Bredikhin V. V. (2012). Problems of managing the or-
ganizational and economic reliability of urban devel-
opment. Real estate: economics and management,
Ne 2, 23 - 26.

Bovteey, S., Kanyukova, S., Okrepiloy, V., & Rez-
vaia, A. [2016]. Construction work tasks duration:
New method of estimation and quality control. Jour-
nal of Applied Engineering Science, 14(1), 121-127.

Harris R. A., Scott S. UK practice in dealing with
claims for delay. Engineering Construction & Archi-
tectural Management. 2001. T. 8. Ne5-6. C. 317-324.
Kremer N. SH. (2016). Probability theory and math-
ematical statistics. Yuniti, Moscow.

Kolmogorov A. N., Fomin S. V. (1976). Elements of
function theory and functional analysis. Nauka, Mos-
COW.

Graboviy P. G. (2018). Organization of real estate
construction and development. Part 1: Construction
organization. ASV, IIA «Prosveshcheniye», Moscow.

Viktorovich, B. V., Vladimirovna, B. N., & Yurievna,
A. I. [2019]. Analysis of the development process of
the territorial productive and technological potential
of the region's construction organizations. Journal of
Applied Engineering Science, 17(3), 395-399.

589



INERR

Viadimir Viktorovich Bredikhin, et al. - Reliability of constructional production line

19.

20.

21.

59

ud

Viktorovich, B. V., Bredikhina, N., & Ezerskiy, V.
[2020]. Modeling of property management process
at territorial level. Journal of Applied Engineering
Science, 18(2), 257-261.

Vladimirovna-Bredikhina, N. [2017]. Basic principles
of production-and-technical potential capacity for-
mation in the construction industry of a region. Jour-
nal of Applied Engineering Science, 15(4), 495-497.

Grabovy P., Orlov A. (2018) Management of the LCC
considering industrial construction life cycle con-
tracts. MATEC Web of Conferences.VI International
Scientific Conference “Integration, Partnership and
Innovation in Construction Science and Education”
(IPICSE-2018), p. 05019.DOI:10.1051/matecco-
nf/201825105019

0

22. Baronin S.A., Kulakov K.J. (2018) Modeling total

cost of ownership residential real estate in the life
cycles of buildings. International Journal of Civil
Engendering and Technology. .Vol. 9, Ne 10, 1140
—1148.

Paper submitted: 02.10.2020.

Paper accepted: 02.11.2020.

This is an open access article distributed under the
CC BY 4.0 terms and conditions.

Istrazivanja i projektovanja za privredu ISSN 1451-4117
Journal of Applied Engineering Science Vol. 18, No. 4, 2020



