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Abstract

Purpose is the analysis of the available approaches used to determine risks of injures of miners and the development of a
new method to assess risks of roof fall in the development mine workings, which maintain long stopes of coal mines.

Methods. The paper applies a complex approach involving: analysis and generalization of previously carried out research of
injuries of miners in the process of underground mineral extraction; analysis of methods to assess risks inclusive of injury
risks; methods of mathematical statistics while processing risk information; planning of experiments while constructing
questionnaires and expert groups; methods of expert estimations while developing proper technique of risk assessment; and
cluster analysis while processing the examination results.

Findings. It has been determined that the majority of coal mining countries consider the “roof fall” factor as one of the most
dangerous ones. Insufficient reliability of support systems is the key reason of injury of miners as a result of roof falls.
Methodology of roof fall and injury of miners has been developed basing upon a probability analysis as well as upon the use
of a method of expert estimations. Adequate consistency of the expert estimations has been proved by statistical methods,
and the cluster analysis elements. Classification of risk levels, corresponding to inrush probability and taking into considera-
tion the importance of each factor, has been proposed. Analysis of the proposed methodology to assess injury risk as a result
of roof fall has made it possible to determine that irrespective of the inrush hazard, extra anchoring helps reduce a level of
such an inrush probability down to 8.9% (when weight variation is 1 to 4). Hence, anchoring is the viable tool to reduce
injury level of miners.

Originality. The basic factors, effecting injury risk of miners as a result of rock inrushes, have been identified. Importance
of the factors has been defined. Regularities of changes in risk of rock failure and its inrush from a roof of the development
mine working in the process of longwall coal mining, depending upon the abovementioned factors, have been obtained.
Roof rock rigidity, condition of the main support, and anchoring are key ones among the factors.

Practical implications. The obtained results may be applied to assess roof fall risk in the development mine workings,
which maintain long stopes of coal mines. The necessity to take extra steps aimed at the improved labour safety and basic
contents of the measures is based upon the aforesaid.
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1. Introduction

Despite the powerful vector of progress of renewable
energy sources, coal, which share in the world electricity
generation is 27%, is considered by the International Energy
Agency [1] as a competitive participant of market of energy
carriers up to the year of 2040 owing to its persistent de-
mand. China (3.8 bin tons), the USA (900 min tons), India
(600 min tons), Australia (478 min tons), and Indonesia
(421 min tons) are worldwide leaders in coal production. The
industry is rather profitable in TOP-10 countries of coal min-
ing. Innovation investment in the extracting sector is quite high
inclusive of investment in the projects intended to improve
safety level. However, in spite of annual increase in labour
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safety at the industry, mining is still one of the most risky in-
dustrial sectors. The fact has been mentioned by the scientists
from China [2], the USA [3], [4], India [5], Australia [6], Indo-
nesia [7], SAR [8], Iran [9], Turkey [10], and Poland [11].
Underground enterprises are more dangerous than those
engaged in open-pit mining. Indeed, even in the USA where
labour safety indicators are rather high, Case Fatality Rate
(CFR) per 100000 full-day workers is 24.9%. In the context
of ore mining and non-metal mining, the figure is
15.8% [12]. Studies by Coleman [13] demonstrate that prob-
ability of lost time injuries (10 days and longer) is by 48.5%
higher for coal mines to compare with ore mines and non-
metal mines. Similar tendency is considered worldwide
which can be explained by specific features of the working
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environment of coal extraction. Complex mining and geolog-
ical conditions; high concentration of mechanical and electri-
cal facilities; and the restricted working space are responsible
for the potential hazard due to a number of specific factors
which are not typical for other enterprises.

The situation is complicated due to managerial and or-
ganization errors; labour grade of employees being out of
keeping with the work performed by them; violations of
Safety Rules as well as description of mining; and insuffi-
cient professional experience [14]. However, the listed fac-
tors are casual by their nature rather than systematic ones;
thus, it is possible to consider them as exclusions since their
regular effect is a part of a statistic error. Minimization of
their impact is achieved through training, labour discipline,
and personally oriented motivation decisions made by the
authorities. Hence, the analysis may ignore their effect.

According to the statistics of the Fund of Social In-
surance of Ukraine in 2017 “...a miner, a transport driver,
and a shaftman joined the list of the most hazardous profes-
sions as for the level of industrial injuries. Extraction indus-
try (underground mining and open-pit mining) is the most
hazardous production since. In this context, share of the
occupational incidents is 18.9%...” [15]. It should be noted
that the indices of fatal injuries at mining enterprises in the
countries with the developed extraction industry are among
the highest ones as compared to other industrial sec-
tors [16], [17]. It is obvious that the incidents rates differ
country to country since they depend upon mechanization
level, risk of mining environment, and reliability of facili-
ties. Legislative regulations and governmental safety strate-
gy are of great importance.

Purpose of the research is to analyze and identify the most
hazardous factors as well as the factors of injury of miners in
the underground mine workings, and to develop methods for
assessment of the injury risks for preventive planning of
measures aimed at the improvement of labour safety.

2. The overview of research

In Ukraine, the basic indices, according to which a level
of industrial injuries is analyzed, are as follows:
— incident frequency factor is:

Ky :(N”-J-mo,
w
where:

Nr.i. — the number of the recorded incident (when lost time
injuries are more than a day);

W — average number of manual workers on the strength;

— incident frequency factor of fatal injuries is:

M

kg =| 3 | 1000, 2)
w
where:
Nt — the number of the recorded fatal incidents;
— factor (index) of fatal injuries is:
N .
| § = _rl ; (3)
N,

— factor of injury severity is:
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(4)

where:
O — the total lost time injuries in terms of each incidents
ignoring fatal ones;
— injury factor per a min tons is:
Nr.i.

Kis =— ®)
Ap
where:

A, — annual coal production, min tons.

According to the data of the generalized report of a su-
pervision office as for the labour safety in coal industry,
25 cases of fatal injuries took place in Ukrainian mines dur-
ing 2017. In the context of coal industry, total coefficient of
fatal injuries was 1.07 per a min ton of the extracted coal.
Total number of incidents in mines, subordinated to the Min-
istry of Energy and Coal of Ukraine, was 417; total number
of incidents in the industry was 787. Hence, the factor of
fatal injuries in mines, subordinated to the Ministry of Ener-
gy and Coal of Ukraine, is 0.059. In 2017, incident rate was
7.8574 in the context of coal industry (total number of the
industry employees is 100160). Fatal injury factor is 0.2496.
In this context, ten fatal injuries happened in longwalls; ten
fatal injuries happened in the extended mine workings.

As for the incident factors, differentiation of injuries in
coal mines is indicative of the following: rock failure; trans-
portation and hoist; machines and mechanisms; gas explo-
sions and dust explosions; and falls in people and falling
objects are the most dangerous factors. It is quite obvious
that ratio of injury factors should vary in different mines, and
in different countries since injury level and degree of its
severity at a certain enterprise depend upon mining and geo-
logical conditions, mechanization level, support being in use
as well as mistakes by miners and authorities. For instance,
in nongassy mines, which are safe from the viewpoint of
gas/dust explosions, accident rate is zero one when accident
rate from the viewpoint of fall in people/falling objects de-
pends primarily upon personal care as well as physical and
psychological state of miners. The abovementioned should be
involved in the analysis. Such worldwide coal mining coun-
tries as China and the USA demonstrated cases in point for
the last decade (Table. 1). Fatal incidents in PRC dropped
drastically in the last 15 years: from 2002 to 2017, the number
of fatal injuries decreased from 7000 down to 375 a year [18].
In 2017, the amount of fatal injuries per a min of tons of the
mined coal was 0.16 in PRC, and 0.0168 in the USA.

Consequently, mining and geological conditions impact
directly and indirectly three of four the most importance
factors of fatal injury in PRC while impacting the only one in
the USA. In this context, such a factor as roof inrushes is
among the first four accidental factors.

In Ukraine, statistics of fatal injury for the period of
2000-2012 [19] defined the first five dangerous factors, i.e.:
roof inrushes — 18.3%; transportation and hoist — 17.9%;
gas/dust explosions — 14.2%; operation of machines and
mechanisms — 7.4%; and falls in people — 6.9%. According
to the data of the generalized report of a supervision office as
for the labour safety in coal industry, rock failure resulted in
9% of fatalities ranking fourth after gas explosions (36%),
cardiovascular diseases (23%), and electrical shocks (13%).
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Table 1. Injury comparison in underground mining in the context
of China and the USA

Country / Percentage of
Factor source of the fatal in%

information Jury
Explosions, fires 43.0
Roof inrushes 33.0
Transport operations PRC [18] 9.0
Flooding 8.0
Transport operations 29.3
Machines and mechanisms 15.0
Falls in people The USA [13] 144
Roof inrushes 10.8

While analyzing injuries in the TOP-10 countries, we can
see that despite different ratios of the rates, roof inrushes are
among the most dangerous factors for the majority of the
coal mining countries. For instance, 32.7% of total fatalities
in India are connected with roof failure [20].

In Australia, 18% of lost time injuries (more than 10
days) depend upon falling objects inclusive of rock falls [21].
Unfortunately, no report involves separation of share of the
18%. Injury statistics in Indonesia is not available due to the
imperfection of mining legislation of the country as well as a

great number of small, illegal mines. In the Republic of South
Africa, probability of incidents, resulted from the operation of
machines and mechanisms, is 1.22%; roof failure results in
21.7% of incidents [22]. According to [23] research, 22% of
the fatalities in Iran is a result of roof inrushes.

Analysis of the obtained results and their generalization
make it possible to separate three conceptually different
reasons of injuries in mining. The activities providing safety
of miners and their health within a human-machine-
environment system may be implemented in terms of a
scheme in Table 2. The authors believe that such a factor as
an environment is the most important one. Inrushes, explo-
sions, and gasdynamic manifestations are critical; in spite of
the implementation of monitoring and controlling systems,
they are the reason of a prevailing injury share in coal mines
annually. In this connection, decrease in injury level resulting
from the reasons will help improve significantly the rates of
labour protection in terms of the industry.

The world practices apply following rates of industrial in-
juries: fatal injury frequency rate (FIFR); lost time injury
frequency rate (LTIFR); and lost time injury severity rate
(LTISR). Hence, it is sometimes rather a difficult task to
compare injury rates in different countries.

Table 2. Basic tendencies to provide safety and health for miners of a coal mine

Environment

Human Machine

Protection from

the industrial
accidents which

Personal safety;

Protection against

Tendency source is natural one Gas protection; compliance with the Health and hygiene the accidents
. - dust protection requirements of labour measures .
(i.e. sudden inrushes, - and failures
. . protection standards
gasdynamic manifes-
tations etc.)
Monlt_orlng . t-he Monitoring L . Scheduled
environment; . Organization Occupational ;
of the aerologic . . - maintenance
measures for . of safety training disease prevention )
. . state of mines of the equipment
accident prevention
Control over the Control over the, Control over skills;
- gas/dust content; oo Development of the Control over the
environmental systems of periodic L -
} - the current - means of individual equipment
parameters; warning . - . assessment of the skills - -
Ways N information transfer; - protection and their performance and
- on the violation of s connected with the . . .
to provide and power cut within - implementation depreciation
. safety parameters work authorization
safety in the dangerous areas
terms of the Measures to normalize Implementation Popularization of safe Implementation
tendencies of the measures working methods; P

environmental
conditions; control
over their quality

Emergency rescue
service

for degasification,
gas outlet, dust
control etc.

Quality monitoring
of measures

testing for risk prone-
ness; improvement of
personal responsibility
Implementation
of training systems
and systems of skill

Early professional
treatment

Popularization
of a healthy life

of the modern
equipment, systems,
and networks

Early replacement
of the units, parts,
and networks

Progress of the available methods for industrial injury

analysis follows the four tendencies: technical, statistical,
examining, and probabilistic. Statistical method provides the
most reliable analysis.

The analysis method relies upon the statistical data con-
cerning accidents (in Ukraine, they are protocols on H-1
form and investigation results). The generalized assessment
of labour safety degree in a mine or in the industry is the
analysis result.

In accordance with the statistical method assessing the
occupational risks, the factor of the occupational risk of a
miner injury, got at the place of production, is:

74

improvement
N
v=—2%1/workers/year, (6)
where:
No.a. — annual number of occupational accidents;
W — annual number of workers at risk.
Statistical uncertainty is characterized by the error:
z
s=—YL, 7
W (7
where:
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Z,— a quantile of normal distribution of y level.

In terms of formula 7, for a year of 2017, injury risk fac-
tor for employees of mines, subordinated to the Ministry of
Energy and Coal of Ukraine, was ©v=4.16-1073,
1/workersfyear. In 2017, fatal injury risk factor was
v =1.99-10"%, 1/workers/year.

According to the accountability in forms #1 of fuel and
energy complex, average percentage of workers of mining
sites is 12-14%; in 2017, two fatalities happened in the ex-
tended mine workings adjoining longwalls. Hence, fatality
factor, as a result of rock failure in the extended mine work-
ings, is v = 1.42-10, 1/workers/year.

According to ISO 31010 [24], all the methods, applied to
analyze a risk, can be qualitative, semiquantitative, and quan-
titative. Qualitative methods make it possible to determine
the risk level as “high”, “average”, and “low”. On the basis
of the proposed numerical scales, semiquantitative methods
help determined the risk level in terms of some formula.
Quantitative methods rely upon practical values of the risk
level in terms of particular units. The methods, mentioned in
the above standard, involve brainstorming, structural or sem-
istructural enquiries, Delphi technique, a list of advancement
questions, PHA, HAZOP, HACCP, general assessment of the
environmental risk, SWIFT, analysis of scenarios, analysis of
impact of activities, analysis of sources, analysis of a fault
tree, analysis of an event tree, analysis of the causes and
effects, LORA, decision tree, general assessment of human
reliability, bow tie, maintenance on the basis of reliability,
analysis of stray schemes, Monte Carlo method, hazard and
operability study, Markov method, Bayesian statistics and
Bayesian network, F-N curves, risk factors, consequence-
likelihood matrix, and MCDA.

Analysis of risks and their control are connected with
hazard identification, identification of possible health and
life damages as well as their likelihood, and availability of
the adequate statistical information to calculate the required
risk factor. Direct methods to assess the risks rely upon the
approaches [25], [26]. Following techniques are the most
popular ones:

1) British Standard BS-8800;

2) risk assessment method on the basis of “likelihood-
loss” matrix;

3) method to construct assessment graph;

4) methodology of the National Institute for Occupational
Safety and Health (NIOSH) in Ukraine;

5) method of verbal functions.

Mostly, risk assessment is applied in the form of the factor:

N
R=>R-S5,

®)

where:

Pi — implementation probability of each i risk likelihood,;

S — consequence severity of the i" risk likelihood imple-
mentation.

Subjectivity is the basic weakness of the method since the
expert assessment of risk level is characterized by a certain
dispersion basing upon personal practice of each of the experts.

In terms of NIOSH methodology [26], risk analysis relies
upon actual state of technical risk of equipment, buildings
(structures) as well as conforming to the current norms, rules,
and labour safety instructions by the employees. The risk is
assessed using the dependence:
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P = kre -k (7800 ko +S s +0.1)-9-1077, ©9)
where:

kre — a coefficient of technical risk of equipment;

ko —a coefficient of technical risk of buildings (struc-
tures);

7800 — the required empirical maximum score in terms of
which injury risk is minimal;

ko — a coefficient of organizational safety;

Sps — the total of penalty scores assessed according to a
scoring scale.

The majority of input parameters in formula 9 are analyt-
ical ones; thus, the subjectivity share has been minimized
depending mainly upon the penalty score scale use.

However, neither of the mentioned method is focused on
the risk assessment of an injury resulting from the rock in-
rush. The authors believe that the approach, proposed in [27],
[28], is the most adequate one.

According to the research, any risk is determined as a
likelihood of the adverse events (i.e. inrush) factoring into
the unfavourable result (i.e. injury). It is calculated on the
formula being comparable with 8.

Hence, it is necessary to improve the current system of
risk assessment, which will help increase labour safety level
in the context of mining industry. Such an assessment should
be object-oriented.

3. Results and discussion

Since methodologies to assess injury of mines as a re-
sult of inrushes are not available and the current abovemen-
tioned methods of risk assessment cannot be used directly
to the effect, a shot has been taken to design an algorithm,
and to develop author’s assessment methodology on its
basis. The approaches, used by [27], [28], have been adopt-
ed as the prototypes.
Thus, risk is understood as a likelihood of rock failure as a
result of roof fall resulting in the injury of miners. Generally, it
can be calculated on formula 10 being a special case (8):
N

Ry=2P Sy, (10)
i=1

where:

P, — rock failure likelihood;

S, — is consequence severity of the rock failure.

Apply a probabilistic approach to assess qualitatively the
failure likelihood P,. Stage one determines the basic factors
affecting roof inrushes. Failure likelihood is identified sepa-
rately for each factor. To do that, each of the factors obtains
the importance level (B) on the basis of the expert estimation
method. The importance varies from 1 (i.e. minimum affect)
to 10 (maximum affect). Each factor is graduated from O to 4
(i.e. characterization of failure likelihood coefficient for each
i" Py, factor). If Py; = 0 then the failure likelihood is close to
zero; if Py; = 4 then the likelihood is maximal.

Hence, it is possible to represent roof inrush likelihood as:

N
2 Ry B
=1

P =~
_Zlﬂjimax ‘B
i=

-100% , (11)
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where:

Pui, Puimax, Bi— failure likelihood coefficient for the it"
factor; maximum likelihood coefficient; and importance of
the i factor respectively.

According to [29], roof fall severity consequences (S,),
used by (11), should be equal to 1 (i.e. the highest rank) since
roof fall may result in injuries, disability, fatality in miners;
equipment damages; and interruptions as well as delays dur-
ing mining. Certain share of inrushes factors into the equip-
ment damages resulting in the interruptions as well as delays
in the enterprise performance due to the necessity of the
equipment maintenance, restoration systems, and resumption
of normal mine activities.

To carry out the expert estimation, the three groups of
factors have been proposed as the factors affecting inrush
formation: geological factors, design factors, and processing
ones. Geological factors cover: operating depth; roof stabil-
ity; floor stability; water content; availability of guiding
seams; and effect of contiguous seams in the process of their
undermining. Design factors involve: panel length; length
homogeneity (i.e. geological disturbances, variations in phys-
ical and mechanical characteristics etc.); mine working width;
and conditions of the basic support during all the supporting
stages. Processing factors include: supporting period of a
mine working; extra supporting; and roof anchoring.

Scientists and academics of the leading branch institutes
and Higher Educational Institutions of Ukraine (Candidates of
Sciences and Doctors of Sciences) engaged in the problems of
stability of mine workings, inrush control, and its prevention
participated as experts as well as representatives of engineer-
ing mine service; supervisors; representatives of labour safety
service whose work experience in the field is not less than 10
years; and employees of desigh mining offices.

Kendall’s concordance coefficient has been assumed as a
degree of coherence if the connected ranks are available:

2
W= 12d , (12)

m? (n3 - n)— mzi"zil(ti3 —ti)

where:

d? - a total of the squared differences of the ranks (i.e.
deviations from the mean one);

m — the number of experts in a group;

n — the number of factors;

Li — the number of links in estimations of i*" expert;

t; — the number of elements in i link of it expert.

Since ranks with the similar rank number (i.e. the linked
ones) are available in estimations by all the experts, the ranks
have been re-structured with no variations in the expert opinion.

In the order of increasing, analysis of importance of the
factors is as follows: x7=108; x3=127; xs=152.5;
Xg =186.5; X9=2135; X¢=227; x1=229; X4=232;
X11 = 239; X12 =242.5; X10 =296; X153 = 297.5 and x» = 361.5.

In terms of 6, a degree of coherence of the experts is:

B 12.59651.5
322(133—13)—32.270

W =0.34.

It has been identified that W = 0.34, i.e. a degree of co-
herence of the expert opinion is insufficient.

Pearson’s concordance coefficient has been calculated to
assess concordance coefficient importance:

12d2

1 : .
mn(n +1)+mzil_:'1(ti3 —ti)

2
Z =

The calculated y* = 128.88 excesses a tabular one if num-
ber of freedom degree is 12 when importance level is
o =0.05 (2.02607); thus, the obtained results make sense and
W =0.34 is not a random value. Hence, the findings can be
used for further research.

Consequently, while prescribing minimum assessment
level (1) on x7 factor (rank total is 108) and maximum one
(10) on xz (rank total is 361.5), we have following increasing
estimations: x7=1; x3=1.7; Xs=2.6; Xg=3.8; Xo=4.7;
X6 =5.2; Xx1=53; Xa=54; X11=56; X12=5.8; Xw=7.7;
X13=71.7 and Xo = 10.

Expert opinions differed greatly in the context of the
research. Figure 1 demonstrates the summary factor-
clustered graph.

Estimation
£ [o] 2]
*

N

12
o Median

10 I? o
-
o
ol |o

*
*

o

[ 26%-75%

0 T Non-Outlier Range
1.2 3 4 5 6 7 8 9 10 11 12 13 o Outliers

Factor #* Extremes

Figure 1. Factor-clustered graph of the expert estimations

The analysis shows that the expert opinions concerning
the effect of such factors as x, (i.e. rock stability), xi3 (i.e.
anchoring), and Xy (i.e. condition of a basic support) turned
out to be the most coherent ones. Such estimations as xs (i.e.
panel homogeneity), and x7 (i.e. panel length) demonstrated
the least concordance. Estimation range concerning such
factors as xs (i.e. availability of accompanying seams), X, (i.e.
mining depth), and xs (i.e. panel homogeneity) was the wid-
est one. Probably, the abovementioned is based upon both
the objective reasons and subjective ones. Personal practices,
specific labour conditions, and different problems, solved by
the experts in the process of their professional activities,
result in the averaged estimations or, rather, in drastically
different ones. Cluster analysis has been applied to analyze
the obtained expert estimations. Figure 2 demonstrates the
tree-like clusterization of the experts.

The Figure explains that such experts as 13, 23, 25, 29,
31, and 32 form separate clusters; i.e. their opinions are not in
the agreement with others. Further, it is possible to identify
two large separate clusters of the experts intersecting each
other. While using a method of K-averages, divide all the
experts into two clusters (Fig. 3). analysis of the clusterization
results demonstrates that expert group one (Cluster 1) is char-
acterized by more oppositional estimations in terms of almost
the whole range; in this context, expert group two (Cluster 2)
has a tendency to assess in the upper third of the range.
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Dendrogram of the experts
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Figure 2. Dendrogram of the experts
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x2 x4 x6 x8

Variables

x12

Figure 3. Coordinate graph of the centres of the clusters

Basically, there are no law estimations and average
score is higher. To some extent, the fact can explain poor
coherence level of the expert estimations. However, analy-
sis of interrelations of the scores, similar assessment dy-
namics on the factors is obvious although with different
absolute values.

Hence, within x1 — X7 range of the factors, graphs are sim-
ilar; within x7 —x11, and X2 — X13 ranges, increases and de-
creases almost coincide. The only opposite dynamics is ob-
served between Xi11 — X12 factors. Consequently, expert opin-
ions are rather coherent as for the mutual importance of the
factors. If Cluster 2 experts use factor estimations within the
whole range of the scores rather than in the upper third of the
range, then numerical coherence would be higher.

Since anchoring effect upon inrushes is of intense inte-
rest in the context of the research, differences in expert
opinions as for x;3 factor (i.e. anchoring) have been esti-
mated (Fig. 4). Score difference range is 30%; in this con-
text, expert 13, whose opinion differs from others (Fig. 2),
underestimated the factor.

Consequently, the analysis of expert opinions means that
the results may be helpful to further analysis.

Diagram in Figure 5 represents the importance of each
factor in terms of the processed expert estimations. It is
essential that x, and x13 factors take almost 25% of the total
amount. Other factors are shown in proportion to their in-
crease, i.e. x7 to x10. Dimensions of the sectors help evaluate
importance percentage of each of the factors in opposition
to inrushes.
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Figure 4. Expert opinion on x13 factor (anchoring) as for the median

Results of the expert opinions, represented in (11) formu-
la, make it possible to estimate contribution share of each of
the factors to the inrush formation as well as each factor
group (i.e. geological parameters, design parameters, and
processing ones) both on the whole and at a certain enter-
prise. Such estimation under specific conditions should in-
volve the importance of each factor.

Ox7
W x3
Oxs
Ox8
W x9
Ox6
Hx]
Ox4
Hx]]
mxl12
Oxl10
Ox13
Bx2

x13

Figure 5. Diagram of share distribution of expert opinions in
terms of the factors

Introduce the importance range for each factor (Table 3).
In terms of the importance characteristic, “0” value means
that negative effect of the factor is not available. “4” value
means maximum negative effect of inrush formation.

According to the technique, maximum risk is 258.8
scores; minimum risk is 41.6 ones. On the basis of depen-
dence (11), roof fall risk is 16 to 100%. Thus, it has been
proposed to implement four-score system to estimate inrush
risk in terms of the levels: “low” level (16.0-36.9); “average”
level (37.0-57.9); “high” level (58.0-8.9); and “critical” one
(79.0-100.0) (Table 4). The ranges are divided proportionally
since there is no any statistical information for ranging.

According to the inrush likelihood levels, probability
of inrush formation is characterized by means of following
indices: “very low”; “possible”; “expectable”; and
“very expectable”.

Depending upon the inrush likelihood, risk level is “ac-

ceptable”; “acceptable in case of supervision and repetitive
monitoring”;  “nonacceptable without regular control
measures”; and “nonacceptable”. The latter should involve

extra measures to reduce inrush likelihood.
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Table 3. Importance of each factor

Fact t unit Importance
actor, measurement uni 0 1 > 3 2
Mining depth (xz), m - 4010200 2000400 400 to 600 rhifi :E;’: ggb
Roof stability (x2), category by DonSRCI B5 B4 B3 B2 B1
Floor stability (x3), category by DonSRCI S3 S2 S1
Water content (xs) Dry roof Wet roof Soft drop Intjerrcl)srive Constant flow
. - At>20m At 15-20 m At 10-15m At<10m

Accompanying seams (availability) (xs) No distance distance distance distance
Effect of contiguous seams (during mining) (xs) No AL>20m AL15-20 m AL10-15m At<10m

distance distance distance distance
Panel length (x7), m - <500 m 500-1000 m  1000-1500 m > 1500 m
Panel homogeneity (xs) B Ch:onditionally Partially Nonhomo-

omogenous  homogenous genous
Mine working width (xg), m - <4m 4.0-5.5m 5.5-7.0m >7.0m
Condition of the basic support (i.e. pillars) (x10) - Satisfactory Unsatisfactory
Supporting period (x11), years - <1year 1-2 years 2-3 years > 3 years
<50% under  <50% under
Extra support (x12) - Satisfactory unsatisfacto-  unsatisfactory No
ry condition condition

Energy Two-level
Roof anchoring (x13) - absorbing anchoring Rigid anchors No bolts

anchors systems

Table 4. Qualification of the inrush risk levels

Inrush risk Inrush likelihood

Inrush probability

Injury risk resulting from inrush

level, Po, %
Low 16.0-36.9 Very low Acceptable
Average 37.0-57.9 Possible Acceptable in case of supervision
and repetitive monitoring
High 58.0-78.9 Expectable Nonacceptable without regular
control measures
Critical 79.0-100.0 Very expectable Nonacceptable

4, Conclusions

Analysis of the injury structure in the TOP-10 coal
mining countries confirms that despite different ratios of the
injury reasons, roof inrush is among the most hazardous
factors for the majority of coal extraction states. Poor relia-
bility of support systems in mine workings is the basic rea-
son of the injuries of miners.

Lack of a system, aimed at the analysis of injuries of
miners resulting from rock inrushes, stipulated topicality of
the technique development. The methodology has been
evolved on the basis of a probability approach with the use of
a technique of expert estimation. The applied techniques of
mathematical statistics proved the expediency of the expert
survey. A system to assess inrush risk as well as adequate
injury risk has been proposed.

Analysis of the technique, assessing injury risk result-
ing from roof inrushes, has made it possible to understand
that despite the injury risk, anchoring helps decrease inrush
probability down to 8.9% (if importance variation is 1 to
4). consequently, anchoring is the effective tool reducing
injury risk.
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Ouinka pu3uky o0BaJieHHsI IOKPIiBJIi B iATOTOBYMX BUPOOKaxX
NpH BUHMAaHHI BYTJUIf JIABAMHU Ha NPUKJIAAI IIAXT YKpaiHu

I. Caxno, C. Caxno, O. BoBHa

MeTa. JlocmiKeHHs iCHYIOUHX MiAXOIB, 1[0 BUKOPHUCTOBYIOTHCS ISl BCTAHOBJICHHS PU3MKIB TPaBMYBaHHs TIPHHUKIB, 1 pO3p00Ka HOBO-
IO METOJy OL[IHK{ PH3HMKY OOBaJICHHs ITOKPIBIIi B iITOTOBYNX BUPOOKaX, 10 0OCIYTrOBYIOTh JOBTi OUYMCHI BUOOT BYT1JIBHUX IIAXT.

MeTtoauka. Y po60Ti BAKOPHCTAHO KOMIUICKCHUH MiJIXif, 10 BKJIOYAE aHAJI3 1 y3aralbHEHHs paHille BAKOHAHHUX JIOCIiKEeHb TpaBMa-
TU3MY TipHHUKIB NP MiJ3EMHOMY BHJO0OYBaHHI KOPUCHUX KOMAIWH; aHAN3 METO/IB OLIHKK PU3HUKIB, B TOMY YHCIi PU3UKIB TPAaBMYyBaHHS;
METOJM MaTEeMaTHYHOI CTATHCTHKH MpH 0o0poOui iHdopmalii 3 TpaBMaTu3My; IUIaHYBaHHS €KCIEPUMEHTIB MPH PO3pOOIi OMHTYBAIBHUX
JICTIB 1 €KCIIEPTHUX TPYIT; METOJ] EKCIIEPTHUX OLIHOK MPH PO3pOoOIli BIACHOI METOIUKH OLIHKM PH3HKIB; KIACTEPHUI aHaJi3 mpu o0poOIi
pe3yIbTaTiB EKCIEPTU3H.

PesyabTaTtu. BcranoBneHo, mo ¢axkrop “BUBaIM 3 MOKPIBIi~ B OUTBIIOCTI BYriIef00yBHUAX KpaiH CBITY € OJHUM 3 HalOiIbII Hebesmed-
HuX. OCHOBHMMHY NPUYMHAMHU TPaBMYBaHHs TPHUKIB BiJ] BUBAJIB € HEJOCTATHS HaIHHICTh CUCTeM KpituleHHs. Po3pobieHa MeToanka omiH-
KU PU3UKY OOBAJEHHs IOPiJ i TpaBMyBaHHS TipHUKIB, SIKa IPYHTYEThCS Ha MMOBIPHICHOMY aHali3i i BUKOPHCTaHHI METOJY EKCIEePTHHX
OIiHOK. J[oCTaTHS y3ro/KEeHICTh OILIHOK EKCIEPTiB JTOBECHA CTATUCTHYHUMHU METOJAMH i eICMEHTAMH KJIACTEPHOTO aHaIli3y. 3amporoHo-
BaHO KiacH(ikalilo piBHIB PU3HKIB BiJIOBIJHO JI0 iIMOBIPHOCTI BHBAJOYTBOPEHHS 3 ypaxyBaHHIM Baru KOXKHOTo (paktopa. AHaji3 3ampo-
TTOHOBAHOT METOAMKHY OLIHKH PH3HWKY TPaBMYBAaHHS BiJl BHBAJIB 3 IMOKPIBIi JO3BOJIMB BCTAHOBHUTH, IO HE3AJEKHO BiJ HEOE3IEKH BUBAIIB
JIOMATKOBE KPIIIEHHS aHKEPHHUMH OOJTaMM JO3BOJISIE 3HM3UTH piBeHb iMOBiIpHOCTI BHBamy 10 8.9% (mpum 3wmiHi Baru Bifg 1 mo 4). To6To
aHKepHE KPIIJICHHS € JTi€BUM iIHCTPYMEHTOM 3HIDKSHHS PiBHS TPaBMaTU3MYy TipHHKIB.

HaykoBa HoBU3HA. BunineHi ocHOBHI (akTopH, IO BIUIMBAIOTh HAa PU3WK TPaBMYBAaHHS TiPHHUKIB BiJ BUBAIIB MOPiJ i BCTAHOBJIEHA X
Bara. OTprMaHO 3aKOHOMIPHOCTI 3MiHEHHsS PU3MKY PYIHYBaHHs i BUBaJy MOPiX 3 MOKPIBII MiAroToBY0T BUPOOKHM MPH BHUIIMaHHI BYTiLIsA
JIaBaMH, BiJ 3a3Ha4eHHX (aKTOpiB, OCHOBHUMHU 3 SIKUX € CTIHKICTh ITOPi/I MOKPIBIIi, CTAH OCHOBHOTO KPIMJICHHS 1 aHKepHE KPIIIeHHSI.

ITpakTHyHa 3HaYAMicTh. OTpUMaHi pe3ysIbTaTH MOXYTh BUKOPHCTOBYBATHUCS ULl OLIHKHM PH3HUKY OOBaJleHHS MOKPIBIi B MiJrOTOBYUX
BUPOOKax, 110 0OCIYrOBYIOTh IOBI' OYHMCHI BHOOT ByTiNbHHX axT. Ha OCHOBI 4Oro BCTAHOBIIOETHCS HEOOXIAHICTH MPOBEACHHS 10JIATKOBUX
3axO0/IiB 3 MiABUIIECHHS Oe3MeKH poOIT i OCHOBHUIA 3MICT IIUX 3aXO/IiB.

Kntouosi cnosa: mpasmamusm, pusux, usai nopio, nio2omoeui 6upo6Ku, 1aéd, aHKepHe KpinieHHs

Ouenka pucka o0pyuIeHUsi KPOBJIM B MOAT0TOBUTEIBLHBIX BHIPA00OTKAX
NP BbleMKe yIJisl JaBaMHU HA IpUMepe [AXT Y KPauHbl

. Caxno, C. CaxHo, A. BoBHa

Heasp. Mccnenopanne CyniecTBYIOMUX TOAX0/I0B, HCIOIB3yEMBIX JJIS YCTAaHOBJICHHS PHUCKOB TPAaBMHPOBAHUS TOPHSIKOB, U Pa3padoT-
Ka HOBOT'O METOAa OLICHKH pucnca 06pymeHI/m KpOBJ’[H B IMOATOTOBUTCIBHBIX BblpaGOTKaX, OGCJ’Iy)KI/IBalOLLLI/IX JUIMHHBIC OYUCTHBLIC 33601/[
yFOJ’[beIX maxT.

MeTtoauka. B pabote vcnonb30BaH KOMIUICKCHBIN MOAXO0/I, BKIIOYAIONIMN aHATH3 U 000OIICHHE paHee BBIMOJIHEHHBIX HCCIICIOBAHMIMA
TpasmaTnsma FOpHﬂKOB l'[pl/l HOﬂSeMHOﬁ 11061;1% TMOJIC3HBIX MCKOITAEMbIX, aHAJIN3 METOJ0B OLICHKHU pl/ICKOB, B TOM YHUCJIC pI/IC](OB T“paBMI/IpO—
BaHWsI; METOJbl MaTEMAaTHICCKON CTATHCTUKH NP 00paboTke MH(OpMAIMU 10 TPaBMATU3MY; TUIAHHPOBAHHE SKCICPHUMEHTOB TIPU pa3pa-
0OTKE ONPOCHBIX JIMCTOB M 3KCIIEPTHBIX TPYIIIT; METOJ] SKCIIEPTHBIX OLCHOK MPH pa3paboTKe COOCTBEHHOW METOIHMKH OICHKU PHCKOB; Kila-
CTEPHBII aHaTH3 MPU 00pabOTKE Pe3yIbTATOB IKCIICPTU3BL.
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Pe3yabTaThl. YcraHoBiIeHO, YTO (akTop “BBIBAJIBI C KPOBIK~ B OOJBLIMHCTBE yriieNOOBIBAIOIINX CTPAH MHpPA SIBISIETCS OIHUM U3 Ca-
MbIX OHAacHbIX. OCHOBHBIMH IPUYMHAMY TPABMUPOBAHUS FOPHSAKOB OT BBHIBAJIOB SIBJISICTCS HEIOCTATOUHAS HAAEKHOCTh CHCTEM KPEIUICHMS.
Pa3paboTaHa METOMKa OLIEHKH PUCKa OOPYIIEHHS NOPOA U TPABMHUPOBAHMS TOPHIKOB, OCHOBAHHAsl Ha BEPOSTHOCTHOM aHAJM3€ M UCIHOJIb-
30BaHUM METOJIa IKCIEPTHBIX OLICHOK. J[0CTaTOYHAsI COTTIACOBAaHHOCTD OILICHOK KCIIEPTOB JIOKA3aHA CTAaTUCTHYECKUMH METOIAMH U JIeMEH-
TaMH KJIaCTepHOTO aHanm3a. [Ipemtoskena kinaccupuKanys ypoBHEil pHCKOB B COOTBETCTBUH C BEPOSITHOCTHIO BHIBAJIOOOPA30BAHMS C yUETOM
Beca KaXJ0ro (akropa. AHAIM3 MPEUIOKEHHON METOMUKH OLICHKH PYCKA TPAaBMHUPOBAHHMS OT BBIBAIOB C KPOBJIH MO3BOJIMII YCTAaHOBUTB, UTO
HE3aBHUCHMO OT ONaCHOCTH BHIBAJIOB JOIOJHUTEIILHOE aHKEPHOE KpeIIeHHe TT03BOJISIET CHI3HTH YPOBEHb BEPOSTHOCTH BhIBaNa 110 8.9% (1pu
u3MeHeHnn Beca oT 1 0 4). To ecTb aHKepHas Kpenb SBIACTCS ISHCTBEHHBIM HHCTPYMEHTOM CHIDKEHHUS YPOBHS TPaBMaTH3Ma FOPHSKOB.

HayuHnast HoBu3HA. BbiieneHbl OCHOBHBIE (DaKTOPBI, BIHUAIOIINE HA PUCK TPABMUPOBAHHS FOPHIKOB OT BHIBAJIOB MOPOJI, ¥ YCTAHO B-
JeH ux Bec. ITony4yeHbl 3aKOHOMEPHOCTH U3MEHEHHs PHCKa Pa3pyLICHHs U BbIBAJA MOPOJ C KPOBIM MOATOTOBUTENIBHOM BEIPAOOTKU IPH
BBICMKE YIS JJaBaMH, OT yKa3aHHBIX ()aKTOPOB, OCHOBHBIMH M3 KOTOPBIX ABJIAIOTCSA YCTOWYHBOCTh IIOPOJ KPOBIIH, COCTOSIHHE OCHOBHOT'O
KpETUICHUs ¥ aHKepHast Kpelb.

IIpakTnyeckasi 3HAYNMOCTD. [loirydeHHBIe pe3ysIbTaThl MOTYT HCIIOJIB30BAaThCS A OLEHKH PHUCKa OOPYIICHHS KPOBIH B ITOJIOTOBH-
TENBHBIX BBIPA0OTKAX, 0OCIY)KMBAIOIINX JJIMHHBIE OYHCTHBIE 3a00M YroMbHBIX mIaxT. Ha ocHOBe 4ero ycraHaBimBaeTcsi HEOOXOIMMOCTD
TIPOBEAEHHMS IOTOTHUTEIBHBIX MEPOIPHUATHH 110 HOBBIICHUIO 0€3011aCHOCTH pabOT U OCHOBHOE COZIEp KaHHUE STUX MEPOTIPHUATHI.

Ki1toueBble ci10Ba: mpasmamusm, puck, 6b16ai nopoo, NOO20MosuUmenbHble 6blpabomKU, 1a6d, AHKEPHAS Kpenb
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