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RELIABILITY CORRECTION WHEN DETERMINING SAFE OPERATION OF MINE
SURFACE OBJECTS RELATED TO THE BASIC PRODUCTION PROCESS

Purpose. To develop the method for determining the technical condition of the structural elements of surface mine ob-
jects, which allows for minimum correction in reliability levels and ensures the highest safety standards of the mine facilities.

Methodology. An analytical model for determining the building physical wear at a diagnostics of the mine surface ob-
ject was developed, and its actual survivability was found. In order to determine the standard reliability levels, the object is
represented as a system of hierarchically sequentially connected groups of bearing elements of the same type. When model-
ing, the main parameters like the actual state and the survivability degree of the structural elements were considered.

Findings. A model law of the building state is obtained in the form of the dependence of the wear of the bearing ele-
ments on its survivability. The threshold values of survivability are determined, at which the surface mine object passes into a
qualitatively different state - from normal to satisfactory, from satisfactory to unsuitable, and from unsuitable to emergency.
The proposed methodology for assessing safety of the operated buildings and surface structures can be used in practice to
assess the degree of survivability, the type of technical state and a safe residual resource.

Originality. The scientific novelty of the method proposed consists in an adequate description of the technical state of
the bearing elements of buildings and mine facilities, which takes its place among the new modern experimental studies of
materials and structures of surface objects.

Practical value. The method enables to determine the object survivability at diagnostics, its technical state and safe re-
sidual resource. The mentioned activities increase safety of the operated facility, hence, ensure the preservation of both lives
of the company's employees and tangible assets.
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Problem statement. Industrial surface objects at the mining enterprise related to the production
processes are considered as a complex construction, representing an organized set of the identical con-
structions similar to foundation, walls, overlap, etc. The standard values of survivability are the aver-
age values at which the structural elements of the surfaces in mines pass into a different technical
state. They are used to formulate the safety requirements for buildings and structures in assessing their
technical condition.

Unsolved part of the problem. Modern science and production are based on the standard meth-
ods for determining the current condition of the structural elements. The standard values of the surviv-
ability include the following:
normal survivability, which regulates the survivability value of the object after completion of con-
struction work;
satisfactory survivability, at which the mine surface object passes from the normal to the satisfactory
condition. Repair works of the object are required;
unusable survivability, at which the object passes from the satisfactory to the unusable condition. The
ability of the object to resist the loads acting on it is decreased. Repair and restoration works are re-
quired;
emergency survivability (crash), at which the mine surface object passes from the unusable to the
emergency condition. The ability of the object to resist the loads acting on it is decreased and opera-
tion is strictly prohibited. At a time, the development and implementation of new techniques on a
comprehensive determination of the current condition of the surface objects prolongs their safe opera-
tion.

Analysis of research and publications. The works of scientists V.V. Bolotin, A.R. Rzhanitsyn,
A.G. Roitman, V.D. Raiser contributed to the development of methods of reliability theory in con-
struction.

Holicky M., Diamantidis D., Sykora M., Johan V. Retief, Celeste V. [1, 2] define modern criteria
for designing structures that provide a wide range of reliability indicators for different base periods of
existence of objects, even if their calculation for different base periods is uncertain through the inter-
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dependence of failures. General approaches to the choice of reliability levels are discussed from the
point of view of optimizing costs and human security. The target effects of cost reduction and the con-
sequences of failures on security measures are considered. The issues of bridging the gap between
probabilistic and operational evaluation at design are addressed. It was suggested that improved relia-
bility principles and models could contribute to the further development of international standardiza-
tion of construction [3, 4]. The works of K.M. Chaminda Konthesinghaa, Mark G. Stewarta, Paraic
Ryana, John Gingerb, David Hendersonb [5] are devoted to the development of a vulnerability model
for predicting the probability and damage degree to metal lining of industrial buildings under extreme
wind loads. The model uses structural reliability methods to describe the spatial distribution of wind
load. In the work “Research on Industrial Building's Reliability Assessment Based on Projection Pur-
suit Model” Zhang Lei and Jie Liu presented a model of industrial building reliability based on the
classification of observation results. Optimum values are obtained using the composite simplex meth-
od. The 3 factors, selected as a system of evaluation indicators, were identified from 11 affected the
reliability of the industrial building.

It is often impossible to assess the influence of the whole range of the listed factors theoretically.
Modern experimental studies on materials and building structures are therefore of heightened rele-
vance.

Previously unsolved part of the general problem. The technical condition of the structural ele-
ments of buildings is assessed by comparing the maximum permissible (calculated or normative) and
actual values characterizing strength, stability, deformability and performance of structures.

The properties of building materials, bases, loads and impacts, operating conditions are the deter-
mining factors when assessing the technical condition of a surface object. The method of limit states
as a basis for calculating structures takes into account a statistical nature of the indicators in calcula-
tion, as well as an impact of various operational factors through the appropriate reliability factors. The
limit states method is a semi-qualitative method for calculating reliability. It includes the probabilistic
methods for normalizing the strength of materials, operating loads and reliability coefficients, and the
strength is calculated in deterministic form. Therefore, the method of limit states does not allow for a
comprehensive understanding of the survivability of the operated object.

Formulation of the objective. The main methods for determining the object survivability can be
distinguished:

technical,

organoleptic;

calculated.

A qualimetric assessment used for calculating the survivability of the surface object, that meets all
the security requirements, ensures accident-free operation.

The use of the qualimetric assessment methods entails high-quality performance, minimizes cor-
rection in reliability levels and ensures high safety standard of the mine facilities.

Presentation of the main material. Unlike the standard survivability values, the standard relia-
bility levels of elements groups are not constant. In order to determine the standard reliability level, an
object is considered as a system of hierarchically and serially connected groups of the identical bear-
ing elements. We assume that human errors committed in one of the groups do not depend on the er-
rors made in other groups. Hence, we apply methods of the system reliability theory [1, 2], in order to
assess v as a mine object reliability. The result is

v=I1p,, (D
where [] p,, is the work of the reliability levels of all groups of object elements.

To determine the average value of the survivability we should use the ratio resulting from (1)
1
R=——, 2

where M | is the average value (mathematical expectation) of a random variable, the numerical values
of which range from 0 to 1.

The analogy between the destruction of the elements and signals about their destruction is based
on the following statistical positions.
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Let there be a set of links between elements of a given strength R, R,, ...R,, R,,, the probabili-

m?

ties of which are not equal and presentedas £, P,, ... P, P, .

As a result of the external load action, we can get the combination of the destructed links that con-
tains an n set of m links. Among them, let it be n; links P;, n, links P», n, links P,. The probability of

o . n;
each link is determined P, = — .
n

All destructed links would be based on the complete system of unplanned (accidental) events:

m
> P =1, 3)
i=1
Further, from formula (3) in view of the relation (1) it follows that the average survivability of the
surface mine object is
1 1
- = . 4
MV H P}’l
We suppose that in all # element groups of the mine surface object, the average reliability levels
Pnep are the same and equal to p,. In this case, the average survivability of the building by definition is

expected to equal to the normal value R,, and formula (4) takes the form of R, = 1/ p. , which deter-
mines the normal, satisfactory, and limit level of structural elements. This has resulted in

P, =M; (5)

Below is the research of the dependence of the reliability of elements on their quantity. We use
data on the physical wear of industrial objects of the Kryvbas mining enterprises, which were obtained
by the employees of the Kryvyi Rih National University at survey of over 1000 objects. In our case,
we present data for the A-1 group objects related to the production processes.

For a more in-depth visualization, the data on physical wear of the objects under study are divided
into four groups and visually represented in Fig. 1.

For practical application, the theoretical curve shown in Fig. 2 is divided into four linear sections,
at the junction of which the physical wear varies discontinuously. It is known [4] that any change in
the rate of wear indicates the change in the technical condition of the mine surface object. Investiga-
tions of the object survivability of different service life and the subsequent analysis of the study results
served to define the location of the joint points (threshold values of survivability levels).
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Fig. 1. Dividing the physical wear of the diagnosed Fig. 2. Model degradation of the bearing construction of the
objects into four groups mine object and threshold values of survivability

To achieve the desired diagram "wear-survivability", we determine the reliability levels by formu-
la (5).

The operating time of the surface object until a satisfactory survivability R, =3 (satisfactory) de-
termines 75 as an upper limit of the safe resource of the object. The technical state of the surface object
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at this time interval can be treated as safe. When the object reaches an unusable survivability R, =73
(unusable), the wear is more than 60%. At such wear rate, repair works of the building are required
[5]. Otherwise, the survivability continues to grow and reaches the next critical value R 93

(crash), which determines the marginal resource of the surface object.

The survivability degree of the mine surface object depends on the technical condition of the
groups of elements that form the entire structure of the facility. The number of such groups, as well as
the number of structures in buildings and constructions are large. Determination of actual levels of the
reliability at survey of structures is time-consuming and costly. The quantity of expert works will be
drastically reduced if the principles of qualimetry are used as a basis for assessing the technical condi-
tion of the bearing framework of the mine surface object. For this purpose, the most and least defec-
tive constructions are found in each group, followed by an expert evaluation of their compliance with
the project requirements in terms of ensuring their strength, rigidity and stability [6, 7].

The model selection of physical wear of the mine surface object is justified by studies of the re-
source of structures in the reliability theory [1, 2, 8, 9].

To predict the safe residual resource of the mine surface object, the dependence of physical wear
on time is taken in the form of exponents

q)(T)zl_exp(_i'Tﬁvctual)’ (6)
where i is the physical wear intensity of the mine object.

crash

At Tjypq» the wear is known and is equal to @ = dD(T qb). By comparing the obtained equations,
we can get
1- exp(— kR) =1- exp(— i Tﬁlctual);
i 0.0175R (7
factual
Safe residual resource Tope is determined by the formula Tre = T permissivie » where T ermissible is the start

time of the surface mine object construction until it reaches the maximum permissible survivability

R ormissivie - The time T, with the intensity is determined from equation, (7), if to take that

(I)limit :0350 or (I)limit

safe resource without a safety overhaul (swro) are the following, respectively:
o 0.0525

srt . >

1
_1.2775

swro . .

i
According to the formula (8) we can predict the safe resource of the mine surface object at the end

of its construction. For this, the value 7, should be equal to zero. When R, ... >R the

factua

ermissible

=0,20. As a result, the formulas for determining the safe residual life (srl) and the

®)

Juctua permissible
safe resource of the mine surface object is completely exhausted.

The maximum service life of the mine surface object 7,,,,., can be predicted from the condition
that the wear rate is known and equals ®_,;..;=0,80. Here, the time 7., can also be determined

from the equation

1.6275
t

Formula (9) is valid if repair and restoration work has not been carried out at the site

If repair and restoration works at the site are not carried out by the end of a safe resource, the re-
sistance of its elements under loads (especially emergency ones) is reduced and may lead to an accident.

Conclusions and further research. A model law of the operated building state is obtained in the
form of the dependence of the wear of the bearing building constructions on its degree of survivability.
We have determined the threshold values of the survivability, at which the surface object goes to a
qualitatively different state like normal-satisfactory, satisfactory-unsuitable, and unsuitable-
emergency.

The proposed methodology is confirmed to be used in assessing the survivability degree, the tech-
nical condition and the safe residual resource.

T,

critical —
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JHonbacbka HallioOHaJIbHA aKajieMist OyIIBHUITBA 1 apXiTEKTYpH

BUMOI'N 10O EKCIIEPTIB 3 TEXHIYHOI'O OBCTEXEHHSA BYAIBEJIB I CIIOPY JI

Merta. MeToro 1aH0i pOOOTH € 3aIpOIIOHYBATH MEPErJIAHYTH CTaHJapTHI BUMOTH JI0 GaxoBoi kBamidikalii npereHieH-
Ta Ha MPOXOPKEHHs mpodeciiiHoi arecranii 3a BugoM podit «Excneprusa Ta oOcrekeHHs y OyniBHUUTBI» Ta «TexHI4HOro
HarJsLy». BBectu perynspHe poxo/KeHHS eKCIepTaMy KypciB MiJBUILEHHs kBatidikauii 3a ¢axoMm. 3anpornoHyBaTH BHe-
CEHHs KaTeropiil 110 ceprudikary excrepra 3 o0CTexEHHS TakK K y cepTHdiKallii ekcriepra 3 TEXHIYHOTO HarJIAy, 3a1€XHO
BiJl KJIacy HacCIifIKiB 00’ €KkTa Oy/IiBHUIITBA.

Metoan mociimkeHHsi. AHani3 KBanmiQiKaliifHUX BUMOT, a caMe IX JOCTaTHICTh, O BUKOHABI[B POOIT I MPOXo-
JuKeHHs npodeciiiHol aTecTanil 3a BUIOM POOIT eKcIepT 3 00CTexeHHs OyiBenb i cropya.
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