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ABSTRACT. It is known that rockburst occurrence in the deep coal mine Kladno some

times satisfies the so-called time predictable randoI1l process. But this I1lodel of ac

tivity of individual focal zones is not applicabIe generally. One of reasons could b e  50 

far little known dependencies on síte- and tíme-variations of I1lining activity and on 

geological and tectonic st.ructure of slrrrounding rockI1lass. In order to analyze these 
dependencies, this paper describes new, computer based I1lethods of deliI1lÍtation of 
active rockbursts zones. The tiI1le- and site-variations of these zones are examined 
in the future. 

KEYWORDS; rockburst, location, prediction, focal zone, migration, roc1anassif, fauIt, 
seismoacousties, Ioeal seísmic array 

1. INTRODUCTION 
Liquidation of mine Kladno - 2 shaft piHa. is going on since the year 1993 by 

driving of new mine galleries and also by coal mining in several separate coalfaces. 
Rockburst phenomena with epicentre in this shaft pillar are registered by the mine 
seismic net [Brož, Buben 1995; Buben, Brož 1996]. In 1995 were registered and 
located altogether 2289 rockburst phenomena, which magnitude was sufficient for 
their detection and localization for given noise and instrument conditions. For 
brevity, from now) we will caH these phenomena rockbursts, Ol' rockburst. 

Mining in the pillar in the 1995 was carried out at three various locations. Lo
calized rockbursts were assigned from the beginning to these mine locations as to 
the epicentre zones. To these zones, marked 1, 2) and 3, characteristics of epicentre 
clistribution in hrne and seisrnic energy (amplitudes of reeords from Ioeal seismic 
station Vinařice) were also related. These characteristics then were correlated with 
galleries advancing and with coal extraction in each coalfaces, which were deter
mining so-called epicentl'e zones [Brož, Buben 1995]. 

In this paper) focal zones inside the shaft pillar are newly determinecl, with regarcl 
to distribution of density of both rockbursts foci ancl released seismic energy. This 
new determination is much less schematic than the current one, therefore it can 
be more reliable starting point for consequent researeh of possibilities of prognosis 
and prediction of dangerous major rockbursts. This prognosis is based in research 
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af process of fragile fracturing of surrounding rock massif, leading to the creation 
of magistral fragile instabilities (rockburst phenomena in mines) . 

2. SEISMICITY OF FOCAL ZONES 
The rockburst activity of original, schematically delimitated zones no. 1, 2 and 

3 is characterized by following 2 graphs: 
- cumulative daily frequency of phenornena (Fig. 1) 
- cumulative daily arnplitude of vertical displacement component, registered by 

photogalvanornetric seismograph Vinařice, shown on Fig. 2 
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FIG.I. Daily number ofrockbursts in sectors no. 1,2 and 3 

Cornparison of these graphs shows that both rockburst activity characteristics 
of individual zones change in hrne, but these changes are in no significant mutual 
correlation. Thus, the course of process leading to origination of rockbursts is not 
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FIG. 2. Daily curnulative arnplitudes of rockbursts with foci within 
sectors no,l, 2 and 3 recorded by seisrnograph Vinařice 

I . 

identical in aH considerecl zanes. Regional outside forces with signíficant ínfiuence, 
which is identical in aH zones, have therefore lílegligible rnagnitucle. 

Changes of roekburst activity in the zone No.l are (Fig. 3) characterizecl by two 
summary CUl'ves: 

- daily cumulative maximal amplitude of clisplaeement Sa 
- daily frequency af rackbursts Sn 

The course of these eur ves in tirne Ís very similar. It is a eonsequence of a fad 
that the time changes of rockburst activ ity can be described by only one of both 
functions , Recorcling of nurnber of rockbursts without regard to their magnitucle 

is nonetheless technically much simpler , Therefore, for the routine monitoring, the 
function Sn is more suitable, 

The most stucliecl methocl of precliction of strong rockbursts is basecl on evaluat-
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FIG. 3. Cumulative curves of daily number Sn and daily ampli

tudes Sa of rockbursts in sector no. 1 
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ing af deviation af vela city af seismic energy release (characterized by the derivative 
dSa/clt , resp. dSn/dt. The usability af this prediction method can be cletermined 
using the graph So, on Fig. 3. Before the occurrence of strong rockburst in the 55th 
day af the year (24.2.1995), the decrease af slape af curve So, appears, starting fram 

the day No.30. This phenomenon, though, is not a sufficiently reliable predictor. 
The anomalous decrease of seismic power (i.e. the decrease of velo city of seismic 
energy release) eliel not occur, for example, before the two strong rackbursts in elays 
No.270 (20.9.1995) and 272 (22.9.1995) for values Sn = 702 and Sn = 717. 

As another promising predictar are considered changes of slope j3 of the following 
frequency function 

logN(m) = A - j3. m, (1) 

where m is the rnagnitude of rockburst. 
The value j3 relates according to the known Utsu forrnula to the average rnagni

tude E(m) of rockbursts, which occurred in certain time interval (e.g. 24 haurs). 
Changes of average amplitude E(m) can be seen on Fig. 4 graph. The horizantal 
axis represents values of daily cumulative frequency, the vertical axis shows val
ues af claily cumulative amplitude. The slope of this curve dSa / dSn so indicates 

the value af mean amplitude. Strong rockbursts oť Sept.20 and Sept.22 1995 are 
iclentifiable on this graph for coorclinates Sn -i 702 and Sn = 717. They shaw as 
elistind skips of valu es Sa and are recognizable as gaps on this curve. But the course 
af this curve also shows that before the occurlence af another strong rockbursts, 

app1ication of this preelictor fails. 
I 
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One of possible causes of negative results of testing of statistic al predictors of 
rockbursts can be both present schematic (physically unwarranted) focal zones de
limitation, and neglecting the infiuence of irregular rnining works advances in place 
and also in tirne, and the impact of geological factors. 

3. A NEW DELIMITATION OF FOCAL ZONES 

This delirnitation could have been carried out only after resolving of location 
of many rockburst foci [Ružek 1995]. It is based on determination of density of 
epicentre rockburst phenomena in elernents of square net [Vencovský 1996J with 
the side of 50 rn. 

Fig. 5a shows the distribution of density of aU rockbursts for the year 1995 as 
isolines. Fig. 5b show zones A, Band C, delimitated with regard to the clensity 
distribution from Fig. 5a. On Fig. 5a, sirnila,rly a,s on Fig. 5b, are mm'ked newly 
driven ga,lleries (dotted lines) and stopping fa,ces (lined are as) in the year 1955. 

Delimitation of zone A was carried out also on the basis of the analysis of seismic 
energy release velo city, i . e., seismic powel' of element ary zones. Seismic energy E 
is clefinecl by 

log E = 2 + 1.5· m ,  (2) 

where m is loeal magnitude [Brož , Buben 1995J. 
The eornparison of results of both procedures is shown on Fig. 6. Fig. 6a d epicts 

isolines of relative density of epicentre and Fig. 6b show isolines of seismic powel'. 
Both figures are constructed for a square net with clouble density as compared to 
frequency analysis from Fig. 5, i.e., for a length of 25 m of elernentary square side. 
Reason for this increase in clensity was to attain higher resolution capability of the 
ana.lysis. 

Comparing partial Figs. 6, it is obvious that zones delimitated on the basis of 
epicenter clensity so as on the basis of seismie power cli:ffer only in det30ils one from 
e30ch other. 

4. CHANGES OF SHAPE AND LOCATION OF FOCAL ZONES 

As was already stated in connection with Fig. 5, zanes of epicenter concentration 
AJ B an d C were identified from the set of aU rockbursts in the 1995. But the subject 
of rese30rch were also time ehanges of epicenter zones 10catiol1s and :finding possible 
relation af their migration to advances in mine works. 

The distribution of rockbursts epicenter density in individual months is given on 
Fig. 7. From the study of these figures, it follows th30t 
- zone A is both loeation-wise an d function-wise very conspi cuous and stable, 
- zone Chas similal' characteristics, even though same changes in its location 

already OCCUl' 
- zone B appeal'S to be very little outstanding 

Dependencies of epicenter zones on gallery drivíng, blasting works and rnining 
itself, t.hough, could not have been examined in sufficiently shol't, i.e. daily, time 

intervals. For this correlation 3onalysis, mine-technical data are missing. 
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FIG. 5. Density distribution of rockbursts foci and mining activi
ties 

FIG. 5a - Density distributian af rackbursts faci regis
tered in the year 1995 (first number of double figure 
down at left in the bracket is the absalute density in 
maximum of isohne neld, second number i8 the value af 
isoline interval. The number in front of the bracket gives 
the absolute number of al l  registered rockbursts). 
FIG.5b - Delimitation of foci zones A, Band C and 
overview of mining activities in the year 1995 (driven 
galleries as --0--0-0--, tectanic fractures as --) . 

. ' . .. "0-- ..... 
:::: .:.:: \. : . .  : : :::::::0:·· 

FIG.6. Alternative delimitation oť epicentral zanes in the square 
net with sides ať 25 m 

FIG. 6a - isolines of relative density 

FIG. 6b - isalines af seismic power 
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Mining activities, though, do represent, without cloubt, a significant triggering 
mechanism. Hs efficiency clepends on structural-geological properties of surrouncl
ing massif: 

(1) p etrographical and physical-mechanical characteristics of overlying rock 
(2) fracture structures, clisturbing rock massif in the pillar, 

(3) mutual orientation of mine works and tectonic directions 

Petrographical classification of overlying sanelstones was carrieel out using sam-
ples taken from following elepths: 

(1) to 5. Boor - depth of 254m, 
(2) to 7. HoOl' - clepth of 400m, 
(3) to 10. Boor - clepth of 5l0m. 

In the geological profile of pít MAYRAU are registerecl altogether 41 positions 
of sandstones ancl 33 positions of claystones. To research their in:fluence, the pit 
profile was divided on parts 100 m thick, in which the ratio of total thickness of 
claystones and sanclstones was evaluatecl. Results are given in following Tab. 1. 

I TAB. I. 

clepth m thickness ratio 

from to 

100 1: 2.6 

100 200 1: 1. 1 
200 300 1: 1.4 

300 400 1: 3.7 

400 500 1: 4.3 

500 516 1: 7.0 

It is obvious from this table, that conspicuous change of ratio occurs in elepths 
of 300 m and deeper. 

It is remarkable that the majority of rockbursts is also clustereel in elepth of 
arouncl 300 m. This result was cleclucecl from the analysis of space clistribution of 
rockburst foci density. This analysis was carriecl out on the basis of cleterm ining the 
number of rockbursts in the space net of eleme:p.tary cubes with sides of 50 m, filling 
the overlying space of coal seam. Results of this analysis are shown on Figs. 8a 
and 8b. The hOl'izontal section o-o with the maximum rockbursts concentration 
corresponds to the depth no other than 300m under the pit bank ofmine MAYRAU. 
Density distribution in vertical sections 1-1 and 2 -2 then indicates, that variations 
in time are not conclusive. The elepth distribution of aU rockbursts for the year 
1995 is inclicatecl on Fig. 8c, from which it follows then, that foci concentrate in 
the depth H of around 350 m ::; H ::; 300 m under the surface. 

This fact also explains low reliability of until now attempts of seismoacoustic 
precliction of Kladno ro ckbursts . Seismoacoustic pick-up devices - geophones -



188 

N 
I Ol 

w '-' ;:; fl! O 

l' 

J.BUBEN, M.VENCOVSKÝ and R.BROŽ 

I \ 

OJ 

'. / �I 

N 
o .: ,:c� .-I30(GO:JO) 

• ! � • • ... 

Nll I • � 

o >C,I00m 'lB4(IO:2! III 

c\11· - .. � 

<.' 5') l";Orn 247(1:):2) V 

�I 
I OJ 

'" � 

o 

� :::; 

FIG, Ba 

u 

�,l SUCE 

,/ 1\//"'--I ,;{��. " �'" 

�l : 

1-1' 

O' 

SLlCF. I-I' 

<:(�;c::'> 
O' 

C',� i 



"" 
I " 

'" 
I N 

FOCAL ZONES OF ROCI<BURSTS WITHIN THE SHAFT PILLAR OF MINE KLADNO - 2 189 

�' ) 
.; ./" .. , .. l 

c 

ľ 

SLlCI': 1-1' 

o -(.��) O' 

'.� 

SLlCE J-I' 

/"-k--
O�y-������;���/_' 

_____ 

O' 

o 

sun: 0-0' . • : fL=-'J5U trl 

� : "" 
'�' , - . ..:_,' . 

1:<�(:;� :, �:';!JJ��>! '�' : : .1' 

... . ' ... t�_ •• 
""

' .. :"" :: .?')/+/'�'" . .,lI , 

: :L::):�J. -.lV. ' , F "  . ... 

. : .. • • • -t 

, �, I • • 

IX 

�l S 1.1 o: ( 

, j /'''. 
/-' ,./ 

(-' . .-' 

- 1 

/)::;, .-/' '. , '" , O' \' ... , ··';'�1:.-' / ,--_._--' ·'\, 
...... ··/ i 

� 
Q �): 'Jl:., IB5(7:2) Xl 

I 

" I OJ 
Cil u 
t1 

FIG,8b 

() 

o 

ľ 
". / 

o 

o 

ľ 

o 

Ni /'. sun: l-j' 

��J�) o 

o !C 10e;T' 
ru: 

215(19:2) 

;/ �"". 

Ni 
'17(2:2) 

í/�t-·,\, ... __ 
, .+.... .... · �:�)+�1��:�=·:) ·· -···· ... ·-'/1 
Ni 

VlH 

SLlf:E 1 -I' 

O' 

x 

SUCE 1 I' 

U' 



190 

1 

o 

o 

J.BUBEN, M.VENCOVSKÝ and R.BROŽ 

1 ' 

o 

SLICE O-O' 
+ 

+ 

+ 

1+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ + 

+ + + + 

SUCE 1-1' 

H= -:300 rn 

+ + 

+ 

+ 

+ 

I-XII 
------------_ . ... _ ... _-----' 

FlG. Sc 

FIG.8 Three-dimensional density distribution of rockbursts foci 

FIGs. 8a and 8b - distributian by individual months I to 
XII. Section O - O runs through the horizontal plain in the 
depth oť H = 300 m to H = 350 m under the surface, 
newly driven galleries and faces are alsa indicated. Sec
tions 1- 1 and 2 - 2 are led in the diredion of both axis 
af horizontal coordinates system. Numbers at the bottom 
have the same meaning as on Fig.5. 

FIG. 8e - distribution for the whale year 1995 

were, from reasons oť simplicity and low mine-technical requirements, until now 
always installed in smal1 distance from mining galleries, i.e., in distance oť about 

200 m under the center af faci zones . In these eonditions, the satisfying ratio oť 
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useful and perturbation impulses could not have been reached. Geophones were 
placed nearby disturbing signals sources (all kinds of mining activities), and too far 
from foci of relatively weak seismoacoustic manifestations of fragile instabilities in 
rockmassif. 

In the shaft pillar, there are two main tectonic faults, which on the 10th floor 
run in the NW - SE direction, see Figs. 5a,5b. This direction is characteristic also 
for minor tectonic faults in the pillar . 

First from these main faults divides the shaft pillar in half almost diagonally, as 
indicated by an dashed line on the Fig. 5a,b and also on Fig. 7. In its NW part, 
it has a NE sense of inclination with the angle of 70°. Similarl y, also the height of 
skip is the biggest in NW part, where it reaches 15 m, and decreases to 7 m at the 
SE rim ať the pillar. 

The seconcl main fault cuts the NE border of the pillar, and has in this place a 
NE sense of inclination, angIe of 22° and height of skip 0.5 m. Towards the SE then 
it changes to the opposite sense of inclination, i.e. NvV inclination with the angIe 
af 60°. The skip in this part af fault is 12 m. 

The caupling oť foci zones on fault structures documents Fig. 7. The main fault 
NW -SE clearly appears as a dividing line between rockburst and non-rockburst 
part of the pillar. This is confirmed by the clistribution of foci zones A and C. 
Rockbursts cluster in locations where the angle of inclination is bigger. In the zone 
A, this angIe is 70° and in the zone B it is 60°. Foci zones adhere to faults ancl 
adjust to them with their shape. The height of skip on the faults reaches maximum 
value within the foci zones, that is 15 m in zone A, ancl 12 m in zone C. 

On Fig. 7 it is also possible to follow the clear relation between the galleries 
clriving ancl rockburst activity: in the active zone C, no galleries were clriven in 
months no. 2, 3, 4, 5 and 11. As a rule it holds, that rockbursts foci occur nearby 
galleries being clriven. For the zone A, this is most clearly visible in month 1. For 
both zones A ancl C, the impact of galleries clriving can be iclentifiecl also for months 
2, 3, 4, 5, 11 ancl 12. Driven galleries clo not initiate rockbursts foci, when they run 
dose to olel man, which is documentecl by partial pictures for months 3, 9, 10, 11 
ancl 12. Also, the mining nearby olel man elid not induce rockbursts in months 2, 
3, 4, 9, 10 and 12. 

The elepenclence between places of mining activity itself ancl position af foci 
zones was not reliably to be founel. Analyses af all partíal pictures from Fig . 7 lead 
only to little provable correlatíons. To deeper analyze these relations, pragnoses 
of undermining impacts were carried out. AH mineel-out areas for the year 1995 
for the horizon approx . 300 m under the surface - i.e. for depth where rockbursts 
accumulate the most - were considerecl. A special signi:fication in this clirection is 
being ascribed to prognoses of horizontal clisplacement changes, from which areas 
of maximum tensions and compressions can be iclentified, ancl also to prognoses 
af sinking changes, which can thereafter elelimitate areas, where harizontal layers 
of ra ck massif are most bend-stressed [Vencovský 1995]. Isolines of prognosed 
horizontal and vertical eleformations are shown on Fig. 9. A locational confrontation 
of areas with maximum horizontal ancl vertical deformations with faci zanes from 
Fig. 8g leacls to the suggestion that outsicle the borclers of shaft pill ar , rockburst 
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FIG. 9. Results of theoretical caleul tion (prognosis) of deforma
tion isolines induced by exca,ations in the year 1995 

FIG.9a - isolines of horizont11 deformation component 

FIG.9b - isolines of vertical deformation component 

practically do not occur, even though the pl' IgnOSed maximum deformation zones 
involve also the outside of the piHar. This found displacement of active zones 
in direction from the borders towards the center of the shaft pillar, and obvious 
asymmetry of roekbursts occurrence with t�� mining activity are at present the 
subject of more cletailed analyses} which resflts will be published in the future. 
Subject of further study is a.lso testing of Pldictors with the use of filtered data 
from newly delimitated focal zanes. 
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