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Abstract:

The program for the determination of rockbursts focal mechanisn
have been modify tc comply vith Ostrava - Karvina&d Coal Field -
conditions,

Input data from seismic netwvork of Seismic Polygon
Ostrava - Karvina Coal Field and local seismic network Lazy Colliery
wAas tested Lo influence of accuracy of focus coordinates and inprut
values of amplitude motion, seismic medium model, criterion of

optimization.
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1. IRTRODUCTION

Last year wve began to study the rockbursts focal mechanism
generation method in eastern part of Ostrava - Karvina Coal Field
(Kalab, Stas, Veseld, 1992). Cur methodology is based on experiences of
research workers of Geotechnical Instituite and Geophysical Institute of
Czechoslovak Academy of Sciences. e wused a computer program for
smplitude inverse method (Sfleny, 1987). He had to revise this progran
and wve tested the rigbtness dependence of resulits on accuracy of input
data.

The program for determination of the rockbursts focal mechanisn,
using amplitude inversion method have been c¢reated in Geophysical
Institute of Czechos}ovak Academy of Sciences:, Prague. The tLheoretical

mode]l of the rockhmr=ts focus =upposing a superposition of shear an<d
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volurmetiric component of focal mechanisa is used (éilen?, 1987) .

The calculation ig performed from t.he P-yave firgs exirewme
amplitude nmoltion recorded on seisric stations and direct or head wave
propagating aleong a seismic ray.

The original version of the program dealt only with two-layver
seismic medium mnmodel {four-layer mnmodel could be used after Lhe
modification, itg calculation wvas interrupted) and with input data from
surface seismic stations. Oving to the complexity of ths seismic medium
in the east part of Ostrava - Karvind Coal Field and iLthe presence of
underground stations in Lhe seismic netvork covered in this area, the
Program was conpletely revised. Update version of thiz= program deals
vith maxinum ten-layver =zeigmic medium model and enables Lo use data
from underground moreover surface seismic stations.

Numerical characleristics of the rockbursit focal mechanisam (dip,
strike, rake, volumelric comp.) and draving of the projection of nodal
surface and position of the station to lowver hemisphere of unit sphere
are the oulputs for this program. The output can be added then by ba=mic
degcription data of seismic event {(name, date and tLime, energy, elc.)
and other supplementary information aboul the =z=eismic svent in a form
of the table. Now table contains the followving data: zstan - name of Lhe
station, chg - c¢haracleristic of the station (underground, surface) ,
Asz, Ay, A=, Bt -chartered componentzs of anplitudes, cha - way (of
calculation to standard amplitude Ared, kh - type of wave (0 - direct,
head) 8 - angle deviation between real and calculated divection of ray,
fxf, g=f - angle of wvave propagating from f{focus, xwysf - epicentral
distance of focus, dat. = h;’pocentr‘al distance of focus, 21 - total ray
rath, r1 - ralth of wave on boundary line, time - time of propagating,
csn = cosinus of ray direction to the station, N.utl = used
attenuation, 7wux?7 - value of =quare theoretic and standard measured
amplitudes difference after finish calculation (See Fig.1), (Kaldb et
Al 199%),

He began using modified program for routine elaboration of seismnic
data and our resultls corplied in general with geomechanical ideas
(Kalidb, 1991}, bul in sore cases wve had diffevent resullsm for the =zame
event after the repeated calculation with changed input conditions.
That iz we decided to check again the conduct o¢f the program. We userd
a set of seismic records of explosive works of large extent (weight of
charge more tLhan 1000kg), its seismic energy was determined Lo be nmorve
thén 1x1037 and mining tremors with geismic energy more than 104 J.
recorded by the stations of Seismic Polygon dstrava - Karvind Coal
field and of lncal seismic netwvork Lazy Collisry (Fig. 2).

The focus coordinates of all seismic events was caldulated in
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Fig. 2 Map of seismic networks
XXX - Seismic Polygon Ostrava-Karvinad Coal Field
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- Local seismic network Lazy Colliery
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Fig. 3. Optimization criterion effect.

- standard amplitudes motion

- registered amplitudes motion

O- direct wave (focus above station)
A - direct wvave (focus belov station)

Q - head wvwave
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Fig. 4. Influence of input amplitude changes on a calculating focal
mechanism generation with registered amplitude motion for an
optimization criterion.

A - amplitude motion value in PRS station -3.8x10-8% ms-!
B - amplitude motion value in PRS station 49.3x10-8% mg-1?
[1- direct wave (focus above station)
A - Qirect wave (focus below station)

O - head wave
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FVig. 5. Influence of x coordinalte value changes on a calculating faocal
mechani=sm generat.ion.
- direct wave (focus zbove station)
- divrect wave (focus below station

O- head wvave
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Seismic Polygon Ostrava - Karvind Cmal Field centre.

2. SELECTION OF CRITERION OF OPTIHISATION

MHinimum sum of squares  of dif ferences of theoretical and
standardised measured value of amplitudes motion was considered to be
a criterion of optimisation in the original version of the program.
Small values of amplitudes near nodal surfaces cause non-uniforn
wve ight ing of information from the stations. Therefore our updated
version enahles us to use a criterion optimigation, the sum of squares
of relative deviations of measured and thecoretbtical amplitudes motion

{

g

<
O

alab et al., 1991).

/

The calculated value of the volumetric component of the focal
mechanism iz much greater in case of the criterion of optimisation
selected, which correspond with the theoretical presumpt ions for
example for explosive works. The sengitivity of the result on the
change of input values of amplitudes was supposed to be higher, however
this presumption vas nolb confirmed (Fig. 4).

The results are different wvhile using various optimisation
criteria. For routine calculations wve provisionally used the original
criterion, but for test set of seismic registration of explosive works

we are going to use a new method (Fig. 3).

3. INFLUENCE OF ACCURACY OF FOCU3 COORDINATES

For an explosive work and a mining tremor we performed calculation
of focal mechanism generation at change of every coordinate £ 300
m with mtep 50 m. We theoretically presumed that the result won' t. be
changed at changing horizontal coordinates, or only insubstantialiy
whilst depth coordinate <¢an have influence on the ray passing through
another layer of surrounding and can influence the resullt a great deal.

The test showed that the result could be effected also by the form
of minimising function. If more shallowv minimum occurred, we can get
another result even having inaccurate horizontal coordinate.(Fig- 5).

In case of depth coordinate the theoretical presumption was
conf irmed. There are the depth values in tabile i B which set

qualitative changes of results.
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Tab. 1. Types of medium wmodels

(d - dgdepth, vp - speed of p-wvaves)
model . 2 madel . kOS model . sv model . v
d Vp d Vi d Vp d Vp
[m} im/sl [ml 1Im/s] [m] [m/=} [m] jIm/=]
1470 4215 500 | 3700 =150 800 -150 800
2627 5089 1500 3981 500| 3200 100] 3200
7258 5473 2500 4753 13001 4200 1300 4200
>72581 6478 62840 5780 >1300) 5500 >1300| 5500
ROC00| 6150
>300001 8000

Tab. IXI: Deep values which sel gqualitative changes of rockbursts
focal mechanism generation results influence medium model

(see fig. 6)

d. deplih value less then original one

ds deprth value greater then original one

model d.iml d+lm]l
2 540 260
k05 495 760
sV 460 910
v 560 no change

4. INFLUENCE OF ACCURACY OF INPUT VALUES OF AMPLITUDE

: The experiments with input data of amplitudes were performned on
test sets. Changed values on some stations were used for calculations,
eventually an copposite mark in the amplitudes with the highest absolute
value was used. There are examples in table III.

Hhen omitted the input value from one of the sbtations from the
complex of amplitude,vthe resull was different the seismic medium model
depend on.The position of the station also influences iLthe trajectory of

the seismic ray and the resulting model of formation mechanism of focus

as wvell.
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Models of focal mechanism for four seismic medium models and

changed vertical coordinate of focus see tab.

6.

Fig.

2

original one

- result with original depth focus
- result with dept

- result with depth focus less then

A
B
€

- model 2

- model k05
- model sv
~ model v

1
2
3
4

h focus greater then

original one
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Tab. IXI. Examples of inpul amplitude mobtion influence on

result of determination mechanism focl generation.

{The original valuss see fig. i}

changed changed values [l | S[*®] RIL®} Vi%1
channel of inpult ampl.
kvey,majy [+2.2,+9.04 84.9 177.7 90.7 2.9
5.1 349.7 82.
kves -1.65 12.5 3%.2 136.8 s
80.6 177,77 81.7
kvex,v,=z |+2,-22.+16.5 S6.5 286.7 | -68.4 | 6.5
39.2 71. -119.2
kveyg, 26= +0.02,10. 77.9 i74.5 S0.2 6.6
i2.1 353.6 89.2
maiu,y, = +9.42,+9.04, -2.89} 832.2 173.7 Q1.5 5.3
T 340.7 771
kvey, lutz, | +0.02, +8. 82, 76.2 345.7 -1.5 |-8.3
262, 292 +10., 8.1 22.6 76.0 |-166.2
kvex, vy, +0.02,+2.2,+9.04 85.3 i78.3 0.7 3.8
majy 4.8 349 .4 81.1
kvex,raj= +0.02,-21.2 46 . 1 i4.7 -110.3 5.9
47 .7 223.4 -69.8
kvex, = +0.02,+16.5 78.8 167.8 83.0 8.9
13.2 1i9.9 121.5
kvex,y, = +0.2,-22.,+16.5 56.5 286.7 -68.4 0.7
39.2 71.0 -119.1
jkvex,yv, =, -0.2,+2.2, -1.65 45 .2 131.1 -41 .4 4.6
62. 252.9 |-127.1
kvex,y, =, ~0. 3, *¥2.2,-1.695 66.5 i83.8 -84.7 1.4
majr,y,= +9.42,+9.04,-2.89] 24.1 350.6 -102.0C

5. INFLUENCE OF SEISHMIC HEDIUM MODEL

The seismic wmedium models influence the resull a great deal.
(Fig. 7) RAocuracy of all other input wvalues iz determinéd by the
accuracy of measuring and deducling and it can be influenced by the
interpreter that works accurate or makes aistékes that can be excluded.
From this point of viev Lhe result should be unambiguocus. The seismic

inaccurate approximation of the fact and can

<

2y

medium model is only

X
cause a considerable mistake in tLhe calculalion.
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He apply the six-layer medium model (model. KOS5 (smee tab.l), for
rouline elaboration of seismic dalta, which is applied also in the
Seismic Polygon Ostrava-Karvingd Ccal Field actually. Both model. k05 and
model .2 was cwalculated im Seismic Polygon Ostrava-Karvind Coal Field
from the hodochrons. Both model.sv and model.v was judged from the
avrival time difference belwveen underground and surface seismic

stations. Gradient of velocily haz bheen mupposed.

6. CONCLUSIOHN

While calculating bthe rockbursts focal mechanisns by inversion
method of amplitudes it is necessary to tbake into consideration the
roggibility of random formaticon of different results al the same
seismic event with changed inpul data.

it is necezmsary Lo know horizontal coordinates with accuracy
+ 200 W accuracy of determination focus depth dependzs on selected
medium model (Ltab. II).

) The influence of inpuit amplitudes motion valuesm on resulting focal
mechanism genevalion is not too meaningful. Allowved mimtake of input
value of amplitude motion is one order (tab.ITI).

It is necessary Lo pay special attention to making of the meismic
medium model because it principally influences the resulls.

Implementation of other optimising criteria that use relative
deviation of measured and theoretical amplitudes’ motion is not quite

evident.
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