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 THE INFLUENCE OF THE COEFFICIENT OF VARIATION ON 
THE PROCESS RELIABILITY OF BRICK PRODUCTION

Ekaterina Gennadievna Pakhomova, Ksenia Olegovna Dubrakova*, Viacheslav Yuryevich Aseev
Southwest State University, Department of Industrial and Civil Engineering, Kursk, Russian Federation

The goal of research was studying the influence of the variation coefficient values during statistical tests of building 
structures on the destruction probability and reliability of brick building structures. The article focuses on comparing 
the theoretical values of the probability theory problems with their practical application in building structures behavior 
calculation. The scientific novelty lies in the comparison of the calculated data according to the normal distribution 
with the practical values of the experiment carried out on brick structures. As a result, a dependence graph depen-
dence of the reliability coefficient k on the brick grade was, taking into account various coefficients of variation.
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INTRODUCTION

The general purpose of design, inspection, determination 
of the technical condition of building structures are diag-
nostics, identification of the physical wear and tear de-
gree, the causes of defects and the reliability and safety 
factors determination. It is necessary to conduct a gen-
eral and detailed structures examination, determine the 
physical and mechanical materials characteristics and 
conduct probabilistic statistical studies and calculations. 
In this regard, the study of the Influence of the variation 
coefficient on the building structures reliability is of scien-
tific interest and practically an important research task.
Risk and reliability criteria are well known in many in-
dustrial sectors such as offshore, chemical or nuclear 
industries [1]. The most effective verification methods 
are based on advanced probabilistic approaches, in-
cluding risk assessment methods taking into account 
the actual properties of the structure and the associated 
consequences of destruction. The subject study shows 
that advanced reliability approaches typically save 10-
20% in structural materials and natural resource con-
sumption [2-4]. In particular, data are presented on the 
relationship between cost (as the main factor influencing 
decision-making) and the reliability of the building struc-
tures investigated solutions, taking into account the im-
pact on the environment [5-7]. Modeling methods  that 
allow characterizing the uncertainty with a wide range 
of assumptions of dependences [8-10] have been devel-
oped, the analysis of the effect of partial safety factors on 
the reliability of design of steel elements [11] has been 
conducted Statistical methods allow to get at the design 
stage an idea of the reinforced concrete structures reli-
ability under conditions of various beyond design impacts 
such as fire, formation and progressive development of 
fatigue cracks [12, 13]. At the same time, the theory of 
building structures reliability has a unified scientific jus-
tification, but the disadvantage of this justification is that 
the most important concept formulations do not contain 
the terms of structural mechanics, which can lead to in-

accuracies in calculations and design [14-16].

THEORY AND EXPERIMENTAL METHODS

The normal (Gaussian) distribution is central to probabi-
listic statistical research. A continuous random variable X 
is called normally distributed if its distribution density is:
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where а coincides with the mathematical expectation 
of the value Х:=М(Х), σ parameter coincides with the 
root-sum-square deviation of the value Х: σ=σ (Х). The 
graph of the normal distribution function has the form of 
a dome-shaped curve, called the Gaussian, the maxi-
mum point has coordinates a. It means that this ordinate 
decreases with increasing value σ(the curve is "com-
pressed" relative to the axis of abscissae) and increas-
es with decreasing value σ(the curve "stretches" in the 
positive direction of the ordinate axis). Changing the val-
ues of the parameter a (with the same value σ) does not 
affect the shape of the curve, but only moves the curve 
along the vertical axis.
The normalized curve is used to solve problems of the 
probability theory, while in practice, this curve approxi-
mates the frequency distribution for a large number of 
observations for many variables with high accuracy. 
Consequently, in the absence of material restrictions on 
the number of objects and the time of the experiment, 
the statistical study is reduced to a normal curve. In this 
case, the percentage of products that withstand voltages 
tending to the average value depends on the coefficient 
of variation obtained during the tests, i.e. in fact, on the 
stability of the parameters of the raw materials and tech-
nologies used in the manufacture.
As an example, consider two materials with different co-
efficients of variation. Let us assume that a1=a2, σ1≺σ2. 
Then determine the reliability of each materials.
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On the face of it, the answer appears obvious:
R =a- σ R =a- σ12 2 13 3 (2)
consequently, a structure made of the second material 
will have a larger section and, accordingly, will be more 
resistant to beyond design loads and influences.
The probability that the absolute value of the devia-
tion will exceed three times the standard deviation for 
both functions is very small, namely 0.0027=1-0.9973. 
It means that in only 0.27% of cases, this can happen. 
Such events, proceeding from the principle of the impos-
sibility of unlikely events, can be considered practically 
impossible, but still possible.
Herewith, in the calculations various reliability factors are 
used, which take into account the probability of a random 
variable falling into the interval [a-3σ-c; a-3σ].
Consider the normal distribution function on the section 
[-∞;a-3σ-c]. Let us determine the probability P of the ran-
dom variable falling value into the interval [-∞;a-3σ-c]:

( ) ( )Р=Ф t -Ф t2 1 (3)
Where Φ(t) is the Laplace function.

- -at =
σ1
∞ (4)

a- σ-с а-сt = =- +
σ σ2

3 3⋅
(5)

Taking into account expressions (4, 5), equation (3) will 
take the following form:

( ) ( ) - -а a-сР=Ф t -Ф t =-Ф +Ф -
σ σ2 1 3∞   

   
   

(6)

taking into account the oddness of the function Ф(t), ex-
pression (6) can be represented as:

( ) ( ) ( ),+а a-сР=Ф t -Ф t =Ф -Ф - -Ф С
σ σ2 1 3 0 5∞    =   

   

The probability P of the random variable falling value into 
the interval [-∞;a-3σ-c] directly depends on the value of 
the constant C. Taking into account that the Laplace func-
tion is increasing, the following conclusion can be drawn: 
with increasing C, P decreases. The value of the con-
stant C depends on the mathematical expectation, the 
statistically average deviation σ. In this case, the prob-
ability P depends only on σ. With an increase σ(with an 
increase in the coefficient of variation), P  also increases. 
Given that the coefficient of variation v and standard de-
viation σ are directly proportional to each other–we can 
make the following conclusion: with an increase in v, the 
probability of the value of a random variable falling into 
the interval [-∞;a-3σ-c].
Let's consider the influence of the variation coefficient 
on reliability. Let's compare the values of the uniformity 
coefficient K with a variation of 10, 13, 17%. We define 
reliability from the expression:
Р= -V1

(7)

(8)

(9)where ( ),V= -Ф t0 5

Therefore, with a coefficient of variation of 13%, to ensure 
reliability 0.977 is required a uniformity coefficient of 1.35.
To analyze the dependencies (1-9) in Figure 1 and Table 
1, the dependence of the uniformity coefficient for ensuring 
reliability V on the value of the variation coefficient is shown. 

EXPERIMENTAL SECTION

Experimental studies of the influence of the brick grade 
on its reliability were carried out in the laboratory of 
Southwestern State University. For research, samples 
M100, M150, M200, M250 were selected. (72 pieces of 
each series).
The compressive and flexural strengths were determined 
in accordance with the current regulatory documents, 
and the value of the coefficient of variation was obtained. 
The results of experimental studies are presented graph-
ically (see Fig. 2, 3).
As can be seen from the graph, the variation coefficient 
increases with increasing brick grade. Consequently, the 
reliability of the material is reduced.

RESULTS AND DISCUSSION

According to the results of analytical and experimental 
studies, it was determined that with an increase in the 
grade of brick, the heterogeneity of its strength character-
istics increases. At the same time, an increase in the vari-
ation coefficient of the series obtained by measuring these 

Figure 1: Graph of the dependence of the uniformity 
coefficient k on the value of the coefficient of variation to  

ensure reliability: 1-V=0.999; 2-V=0.977; 3-V=0.96

Reliability, V 
Variation coefficient, v

10% 13% 15% 17% 20%
0,999 1,449 1,675 1,869 2,114 2,632
0,98 1,258 1,363 1,444 1,535 1,695

0,977 1,230 1,321 1,389 1,466 1,597
0,96 1,212 1,294 1,356 1,423 1,538
0,95 1,198 1,273 1,329 1,389 1,493

Table 1 - The value of the safety factor k to ensure the 
reliability of V at different variation coefficients σ

Ekaterina Gennadievna Pakhomova, et al. - The influence of the coefficient of variation 
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(a)

(b)

(c)
Figure 2: Carrying out (a) and the experimental studies 

results of the brick grade for reliability
characteristics reduces the reliability of building structures.
Hence, designing bearing systems made of bricks ac-
cording to the ultimate and serviceability limit states, it is 
necessary to take into account the grade of the specified 
material when assigning the reliability coefficient

CONCLUSIONS

Producing high-strength bricks is more complicated both 
at the stages of preparation and extraction of raw mate-
rials and at the stages of drying and firing. Consequent-
ly, the likelihood of deviation of technical characteristics 
from the required average value with an increase in the 
grade of the specified material increases. Thereat, with 
an increase in the value of the coefficient of variation 
obtained during statistical tests of building structures, 

(a)

(b)
Figure 3: Dependence of the uniformity coefficient k 

on the brick grade to ensure reliability (a): 1-V=0,999; 
2-V=0,977; 4-V=0,95. Dependence of the uniformity  
coefficient for ensuring the reliability V on the brick 

grade: 5–М250; 6–М200; 7–М150; 8–М100

increases the probability of destruction, which must be 
taken into account when designing or manufacturing.
In particular, when designing, because the coefficients 
of variation and homogeneity change depending on the 
strength characteristics of the brick, when determining 
the reliability factor, it is necessary to take into account 
the design grade of the specified material.
In production, you can take into account the increase in 
the coefficient of variation by changing the approach to 
brick standardization: for a material of higher strength, 
use a smaller interval for classification and vice versa.
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