GEOTECHNICAL AND MINING
MECHANICAL ENGINEERING,
MACHINE BUILDING

UDC 621.85.01

D.V.Brovko, Cand. Sc. (Tech.), Assoc. Prof.,
orcid.org/0000-0001-9108-3857,
V.V.Khvorost, Cand. Sc. (Tech.), Assoc. Prof.,
orcid.org/0000-0002-9205-7797,

V. Yu. Tyshchenko,
orcid.org/0000-0002-6147-9911

DOI: 10.29202/nvngu/2018-4/14

State institution of higher education “Kryvyi Rih National
University”, Kryvyi Rih, Ukraine, e-mail: ndh-knu@i.ua

QUALIMETRIC ASSESSMENT IN CALCULATION
OF THE SURVIVABILITY LEVEL OF THE MINE SURFACE OBJECTS

Purpose. Development of a qualimetric assessment as one of the methods for determining the technical condition
of the structural elements of surface mining objects, which allows for minimum correction in reliability levels and
ensures the highest safety standards of the mine facilities.

Methodology. The methods of expert qualimetry and probabilistic-statistical qualimetry are applied in the study.
The former case represents the estimates which are given by experts or automated expert systems, while the latter case
uses the methods of probability theory and mathematical statistics for assessing the homogeneity of the identification
of the respective values and the coincidence of the distribution laws.

Findings. The law on condition of the operated facility as a dependency of the building supporting structures on its
survivability has been modeled. The threshold values of survivability have been determined, at which the mine surface
object passes into a qualitatively different state — from normal to satisfactory, from satisfactory to unusable, and from
unusable to emergency.

Originality. The scientific novelty of the method proposed is an adequate description of the technical condition of
the facility structural elements, which takes its place among the new modern experimental studies on materials and
structures of the surface objects.

Practical value. The qualimetric assessment method allows determining the object survivability at some point, the
technical condition and the safe residual resource. The above-mentioned activities have resulted in significant im-
provements in reliability of the operated facilities, hence, preservation of both tangible assets and lives of an enter-

prise’s employees.
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Introduction. Industrial surface objects at a mining
enterprise are considered as a complex construction,
representing an organized set of the identical construc-
tions similar to foundation, walls, overlap, and so on.
The standard values of survivability are the average val-
ues 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 aspects of the problem. Modern science and
production are based on the standard methods for deter-
mining the current condition of the structural elements.
The standard values of the survivability include the fol-
lowing:

- normal survivability, which regulates the survivability
value of the object after completion of construction work;
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- satisfactory survivability, at which the mine surface
object passes from the normal to the satisfactory condi-
tion. Repair works on 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 de-
creases. Repair and restoration works are required;

- emergency survivability (crash), at which the mine
surface object passes from the unusable condition to the
emergency one. The ability of the object to resist the
loads acting on it decreases and operation is strictly pro-
hibited. 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 operation.

Analysis of the research and publications. The
works of scientists V.V.Bolotin, A.R.Rzhanitsyn,
A.G. Roitman, V. D. Raiser contributed to the devel-
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opment of methods of reliability theory in construc-
tion.

In the view of A.R.Rzhanitsyn, there are limited
possibilities of the mathematical apparatus with respect
to solving many problems encountered in engineering
practice. There are few generalizing methods for prob-
lems of reliability and probabilistic calculation of build-
ing structures.

Bolotin V. V. in his works refers to the issue on fore-
casting the individual resource of structures based on
the observation results of their condition in the opera-
tion.

Raiser V. D. argues that at the present time regarding
the normalization of the rules for calculating building
structures, a designer knows almost nothing about how
successfully he or she fulfilled his/her main task — proj-
ect support for the normal functioning of the structure.

Klevtsov V. A. and Kuzevanov D. V. believe that reli-
ability is only declared, and the designer, having carried
out the calculation, does not have a strict idea about the
results of their work, the reliability and reserves of the
design created by them.

Holicky M., Diamantidis D., Sykora M., Johan
V. Retief, Celeste V. [1, 2] define modern criteria for de-
signing structures that provide a wide range of reliability
indicators for different base periods of existence of ob-
jects, even if their calculation for different base periods
is uncertain through the interdependence 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 consequences 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 reliability
principles and models could contribute to further devel-
opment of international standardization 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 Build-
ing’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 us-
ing the composite simplex method. The 3 factors, se-
lected as a system of evaluation indicators, were identi-
fied from 11 which affected the reliability of the indus-
trial building.

Practice shows that when assessing the condition
and operation of buildings and structures, it is necessary
to take into account:

- conventionality of the static design schemes and
possible deviations of the forces from their actual distri-
bution in the structures;

- conventionality of the applied design characteris-
tics of materials;
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- possible deviations of loads from calculated values;

- arandom nature of the actual influence from outside.

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

Previously unsolved part of the general problem. The
technical condition of the structural elements of build-
ings is assessed by comparing the maximum permissible
(calculated or normative) and actual values character-
izing strength, stability, deformability and performance
of structures.

The properties of building materials, bases, loads and
impacts, operating conditions are the determining factors
when assessing the technical condition of a surface object.
The method of limit states as a basis for calculating struc-
tures takes into account a statistical nature of the indica-
tors in calculation, as well as an impact of various opera-
tional factors through the appropriate reliability factors.
The limit states method is a semi-qualitative method for
calculating reliability. It includes the probabilistic meth-
ods for normalizing the strength of materials, operating
loads and reliability coefficients, and the strength is calcu-
lated in a deterministic form. Therefore, the method of
limit states does not allow for a comprehensive under-
standing of the survivability of the operated object.

Objectives of the article. The main methods for deter-
mining the object survivability can be distinguished as:

- technical;

- organoleptic;

- calculated.

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

The use of the qualimetric assessment methods en-
tails high-quality performance, minimizes correction in
reliability levels and ensures high safety standard of the
mine facilities.

Presentation of the main research. Unlike the stan-
dard survivability values, the standard reliability 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 bearing elements. We assume that human
errors committed in one of the groups do not depend on
the errors made in other groups. Hence, we apply meth-
ods of the system reliability theory [1, 2], in order to as-
sess the reliability of the mine surface object. The result is

V:Hpn’ (1)

where H P, is the work of the reliability levels of all
groups of object elements.

To determine the average value of the survivability
level we should use the ratio resulting from (1)

R = ()

A%

where M, is the average value (mathematical expecta-
tion) of a random variable, the numerical values of
which range from 0 to 1.
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The analogy between the destruction of the elements
and signals about their destruction is based on the fol-
lowing statistical positions.

Let there be a set of links between elements of a given
strength R, R,,..., R, R,,, whose probabilities are not
equal and presented as P, P, ..., P;, P,,.

As a result of the external load action, we can get the
combination of the destructed links that contains an n
set of m links. Among them, let it be n, links P;, n, links
P, n,links P,. The probability of each link is determined

n.
by P, =;’.
All destructed links would be based on the complete
system of unplanned (accidental) events

m

2. h=1 )
i=l

Further, from formula (2, 3), in view of the relation
(1) it follows that the average survivability of the surface
mine object is

_ 1
M, [lr.

We suppose that in all # element groups of the mine
surface object, the average reliability leVels p, yergeq ar€
the same and equal to p,,. In this case, the average surviv-
ability of the building by definition is expected to be
equal to the normal value R,, and formula (4) takes the

R (C))

1
form of Rp =— which determines the normal, satis-
by

factory, and limit level of structural elements. This has

resulted in

_ 1/ .

p —n )

1R
=11 .

pi=y] Ad, )
=n 1

n-{h

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.

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 discon-
tinuously. It is known [4] that any change in the rate of
wear indicates the change in the technical condition of
the mine surface object. Investigations of the object
survivability of different service life and the subsequent
analysis of the study results served to define the loca-
tion of the joint points (threshold values of survivability
levels).

To achieve the desired “wear-survivability” diagram,
we determine the reliability levels by formula (5).
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Fig. 1. Four groups of the object physical condition:

1 — normal survivability; 2 — satisfactory survivability; 3 —
unusable survivability; 4 — emergency survivability
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Fig. 2. Degradation model of the supporting carcass of the
mine surface object and the survivability threshold
values:

1 — normal survivability; 2 — satisfactory survivability; 3 —
unusable survivability; 4 — emergency survivability

The operating time of the surface object until a satis-
factory survivability R,,, = 12 determines 7}, as an upper
limit of the safe resource of the object. The technical state
ofthe surface object of the mine at this time interval can be
referred to as safe. When the object reaches an unusable
survivability R,,,= 36, the wear is more than 60 %. At such
a wear rate, repair works of the building are required [5].
Otherwise, the survivability continues to grow and reaches
the next critical value R,y = 84, which determines the
marginal resource of the surface object under test.

The survivability degree of the mine surface object
depends on the technical condition of the groups of ele-
ments that form the entire structure of the facility. The
number of such groups, as well as the number of struc-
tures in buildings and constructions are large. Determi-
nation of actual levels of the reliability at survey of struc-
tures is time-consuming and costly. The quantity of ex-
pert works will drastically reduce if the principles of
qualimetry are used as a basis for assessing the technical
condition of the bearing framework of the mine surface
object. For this purpose, the most and least defective
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 resource of
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structures in the reliability theory [8, 9]. The table given
below represents the value of physical wear @ of the cur-
rent facility at time 7, at which the technical condition
of the mine surface object was diagnosed and the value
of its actual survivability R was calculated

O=0(T)=1-exp(-k(R)). (6)

At the time of commissioning of mine surface ob-
ject, taking R = 1 we get almost zero, and that is logical.
In order to determine the coefficient k entering the for-
mula (6), we take the degree of survivability R, = 84.
Thus, the physical wear of the mine surface object is
0.80. With these data, it follows from formula (6) that
k=0.0193.

This all makes it possible to determine the construc-
tional wear @;,;(limit). Thus, when the object reaches a
satisfactory survivability R, = 12, it follows that ®,,; =
=0.20 (20 %). With such a value of wear, the repairs of
the object should be initiated. Similarly, when the object
reaches survivability level R, = 36, it follows that ®;;,,;, =
=0.50 (50 %). With such a value of wear, capital repairs
of the object should be initiated urgently [10, 11].

In the mathematical model (6), the time factor is a
registered time point T%,,,;, i. €., the lifetime of the mine
surface object at which the technical condition was in-
spected, the survivability level was calculated and the
actual wear @ of the mine surface object at given time T
was determined [12]. In order to predict the safe residu-
al resource of the mine surface object the dependence of
physical wear on time is taken as exponential one

CD(T) =1- exp(_i : ]}actual)’ (7)

where i is the intensity of the physical deterioration of
the mine surface object. At T, the wear is known and
is equal to ® = ®(7)). By comparing the obtained equa-
tions, we can get (6, 7)

1- eXp(—kR) =1- exp(_inactua/);
;_0.0193R ®)
Tfactual

Safe residual resource T, is determined by the for-
mula Ty, = Tyonmissivie Where Topmiinre 18 the start time of
the surface mine object construction until it reaches the
maximum permissible survivability R,,,sipe- The time
T permissivie With the intensity is determined from equation,
if to take that (8), if to take that ®,,;, = 0.50 and ®;,,;, =
=0.20. As a result, the formulas for determining the safe
residual life (s#/) and the safe resource without a safety

overhaul (swro) are the following, respectively

0.2316. 06562

T:vrl = . b Tswro - . . (9)
1 1

According to the formula (9) we can predict the safe
resource of the mine surface object at the end of its con-
struction. For this, the value 7%, should be equal to
zero. When Ry,.e > Rypmmissive the safe resource of the
mine surface object is completely exhausted [13, 14].

The maximum service life of the mine surface object
T, €an be predicted from the condition that the wear
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Fig. 3. Dependence of an object safe resource on the risk
values until the end of the construction

rate is known and equals @, = 0.80. Here, time T,;;;..;
can also be determined from the equation

Tosea = 16212/ (10)

Formula (10) is valid if repair and restoration work
has not been carried out at the site [15].

The resource indicators essentially depend on the
actual survivability at survey of the object technical con-
dition. The excess of the normal value of survivability of
mine surface object reduces the safe resource. This fact
is illustrated in Fig. 3.

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

Conclusions and recommendations for further re-
search. The law model of the technical condition of the
operated facility as a dependency of the supporting
structures on its survivability is obtained. Thus, a safe
resource is determined when the resistance of the ele-
ments to effects (especially emergency ones) does not
decrease and further operation of the facility is possible.

The threshold values of survivability are determined,
at which the mine surface object passes to a qualitatively
different state — from the normal one to satisfactory,
from the satisfactory one to unusable, and from the un-
suitable to one emergency.

The proposed methodology for assessing the safety
of operating facilities can be used to assess the object
survivability, the technical condition and the safe resid-
ual resource.
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KBajiMeTpuyHa OIiHKA NMPH PO3PaXYHKY
CTYIEeHs JKHBYYOCTi MPOMHUCJIOBHX 00 €EKTIB
HA MOBEPXHi MaXT

. B. Bposko, B. B. Xeopocm, B. IO. Tuwenko
Jlep>xaBHMIT BUILMI HaBYaJIbHUI 3akiajn ,, KpuBopizbKuii
HauioHanbHUU yHiBepcuteT”, M. Kpupuit Pir, Ykpaina,
e-mail: ndh-knu@i.ua

Meta. CTBOpeHHSI OTHOTO 3 METOMAIB OLIIHKU TeX-
HIYHOTI'O CTaHy eJIeMEHTIB KOHCTPYKIIili OydiBeb i CITo-
pPYyI MOBEPXHi IIAXT — KBAJIIMETPUYHOI OL[IHKH, 1110 10-
3BOJISIE 3BECTU 10 MiHIMyMYy KOPUTYBaHHSI PiBHIB Ha-
JIITHOCTi, Ta BCTAaHOBUTHU BUCOKMII piBeHb O€3IMEeKU
00’€KTIB MOBEPXHi 111aXT.

Metomuka. [Tpu npoBeneHHi 1OCHiIKeHb 3aCTOCO-
BaHi METOAM €KCIepTHOI Ta MMOBIPHOCHO-CTaTUCTHY -
HOI KBaJiMeTpii. ¥ mepuiomMy BUIMAAKY OLIIHKU Tal0OThCsI
ekcriepraMu ab0 aBTOMATU30BAaHUMU €KCIEPTHUMU
CUCTEMaMM, a y IPYTOMY — BUKOPHUCTOBYIOTHCSI METOIU
Teopii MMOBIpHOCTEM 1 MaTeMaTUYHOI CTAaTUCTUKMU,
OLIIHIOIOUM OJHOPIAHICTh CYKYITHOCTI BHUOIpOK i 30ir
3aKOHIB PO3IIOILITY.

Pesyabratu. OTpriMaHa Mofenb, 1110 TO3BOJISIE BU-
3HAYUTU CTaH OYIiBIIi, 110 €KCILIyaTyEThCS, Y BUIJISIAL
3aJIEXKHOCTI 3HOCY HECYYMX KOHCTPYKIIii 00’€KTY Bif
BEJIMYMHU HOTr0 piBHS XXUBY4YOCTi. BusHaueHi moporosi
3HAYEHHS CTYIEHiB XXUBYJYOCTi, MPU TOCITHEHHI SKUX
00’€KT MOBEPXHi IIaXT MEePEXOAUTh M0 SIKICHO iHILIOTO
CTaHy — 3 HOPMaJIbHOTO B 3aJ0BiJIbHUI, 3a10BiJILHOTO
B HEMIPUAATHUIA, a 3 HEMIPUAATHOTO B aBapiiiHUIA.

HaykoBa HoBu3Ha. HaykoBa HOBH3Ha 3alpoOrOHO-
BaHOrO B poOOTi METONY — aAeKBaTHUII OMUC TEXHiu-
HOTIO CTaHy eJIEMEHTIB KOHCTPYKIIili OyaiBesib i criopyn
ITOBEPXHi IIaXT, IO 3aiiMe CBOIO HIillly cepel HOBHUX
CYYaCHUX €KCNEPUMEHTATbHUX AOCIIIKEeHb MaTepia-
JIiB i KOHCTPYKIIiif 00’ €KTiB ITOBEPXHI.

IIpakTuyna 3HauuMicTh. CTBOPEHHSI METOIY KBaJTi-
METPUYHOI OLIIHKU MO3BOJISIE BUSHAYATU CTYIiHb XKU-
BYYOCTi 00’€KTa Ha MeBHUI MOMEHT 4acy, BUJ TeXHiu-
HOTO CTaHy I Oe3MeuHuil 3aJIMIIKOBUIA pecypc. Y pe-
3yJIbTaTi MPOBEAEHHS 3aMTPONOHOBAHMX 3aXO/IiB ITiIBU -
LIYETHCS PiBEHb 0€3MeKU MPOMUCIOBOIro 00’€KTa, 1110
TITHE 3a 00010 30epeXXeHHs SIK MaTepiaJlbHUX aKTH-
BiB, TaK i XXUTTS MpaLliBHUKIB MiAMPUEMCTBA.

KimouoBi cnoBa: o6’ckmu nosepxui waxm, Haoii-
Hicmb, HcuyHicmo, K8ANIMeMPUHHA OYIHKA

KBajmmMeTpuueckasi oieHKa npu pacyere
CTeNneHn XKUBYYEeCTH NMPOMBILILIEHHBIX
00bEKTOB HA MOBEPXHOCTH MIAXT

. B. bposko, B. B. Xeopocm, B. IO. Tuwenko

l'ocynmapcTBeHHOE Bbicliee yueOHoe 3aBeaeHue ,, KpuBopox-
CKMI HalMOHAJIbHBIN yHUBepcuTeT™, r. Kpusoit Por, Ykpa-
uHa, e-mail: ndh-knu@i.ua
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eab. Co3maHme OTHOTO U3 METOIOB OIICHKM TEX-
HUYECKOTO COCTOSIHUS DJIEMEHTOB KOHCTPYKIIMIA 31a-
HUM U COOPYXKECHHUM IMOBEPXHOCTHU INAXT — KBAJTUME-
TPUYECKOM OLIEHKM, ITO3BOJISIIOIIMIA CBECTU K MUHM-
MYMY KOPPEKTUPOBKHU YPOBHEN HAACXKHOCTH, a TAaKXe
YCTAaHOBUTh BBICOKUII YPOBEHb 0€30MaCHOCTU OOBEK-
TOB ITOBEPXHOCTH I11aXT.

Metomuka. [Tpu npoBeneHUN MCCIIEIOBAHUIA TIPH-
MEHEHBI METOIBI KCITEPTHOM KBAJIMMETPUN U BEPOSIT-
HOCTHO-CTaTUCTUYECKON KBaJIMMEeTpuu. B TmiepBOM
ciyJae OLIEHKH Jar0TCsT SKCIIePTaMU U aBTOMATU3H-
POBaHHBIMM SKCIEPTHBIMUA CHUCTEMaMU, a BO BTOPOM
HCITOJTB3YIOTCSI METOIBI TCOPUU BEPOSITHOCTEH 1 MaTe-
MAaTUYECKON CTaTUCTUKU, OLEHUBASI OIHOPOJHOCTH
COBOKYITHOCT! BBIOOPOK 1 COBITaICHNE 3aKOHOB pac-
MpeneeHuUsl.

Pesyabratpl. [lomyueHa wmomenb, IO3BOJISIIOLIAS
OIpeNeIUTh COCTOSIHUE SKCILTyaTUPYeMOro 3MaHUsI, B
BUJIE 3aBUCUMOCTU U3HOCA HECYILIMX KOHCTPYKIIM 31a-
HUSI OT BEJIMUMHBI €r0 CTeINeHM XuBydecTh. Orpenere-
HBI TTOPOTOBBIC 3HAYCHMST CTETIEHU XKUBYIECTH, TIPU JT0-
CTVDKEHUM KOTOPBIX OOBEKT IMMOBEPXHOCTH IIAXT Tepe-
XOIUT B KAYECTBEHHO MHOE COCTOSTHIE — U3 HOPMAJIhb-
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HOTO B YIOBJICTBOPUTEIBHOE, M3 YIOBICTBOPUTEITHHOTO
B HEIIPUTOTHOE, a N3 HETIPUTOIHOTO B aBapUiTHOE.

Hayuynas nosuszna. HayyHasi HOBU3HA TNpeaIOXeEH-
HOTO B paboTe MeTona — afeKBaTHOE OMMCAHNE TeXHU-
YECKOTO COCTOSTHUSI DJIEMEHTOB KOHCTPYKIIMIA 3MaHUI
U COOPYXEHUIl MOBEPXHOCTM IIaxXT. MeTtonm 3aiimeT
CBOIO HUIITY CPeIM HOBBIX COBPEMEHHBIX SKCITEpUMEH-
TaJIbHBIX UCCAEI0BAaHUN MATEPUAIOB U KOHCTPYKLIUI
00BEKTOB MOBEPXHOCTH.

IIpakTuyeckas 3nauynmMocTb. Co31aHue METOIa KBa-
JIMMETPUYECKON OLIEHKU TO3BOJISIET ONMPEnessiTh CTe-
TIeHb XXNBYYECTH OOBEKTA Ha OIpeACICHHBIA MOMEHT
BpEMEHHU, BUI TEXHHYECKOTO COCTOSIHUS M Oe3oIrac-
HBII OCTAaTOUHBIN pecypc. B pe3ynbTaTte mpoBeacHMS
MPEUIOKEHHBIX MEPOIIPUATHUI ITOBBIIIACTCS YPOBEHD
0E30MMacCHOCTU 3KCIUTyaTUPYeMOTO O0BEeKTa, YTO BIC-
YeT 3a cOo0O0I COoXpaHEeHHEe KaK MaTepUaIbHBIX aKTH-
BOB, TaK 1 XXU3HU PAOOTHUKOB MPEATIPUSTUSI.

KimoueBbie clioBa: o0sexmbl NOGepXHOCMU WAXM, HA-
dedcHoCmb, JcUByHecms, KearumempuuecKas OueHKa

Pexomendosarno 0o nybaikauyii dokm. mexH. Hayk
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