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TH~ TESTING OF INPUT DATA FOR THE DETERMIN~TION
OF ROCKBURST FOCJ\L tlECHANISHS
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Abslract:
The program for Lhe delermtnaLion of rockbursLs Eocal mechanism

have been modify to comply wiLh Ostrava - KarvlnA Co~l Field
condiLions.

lnput daLa from seism!c neLwork of Seisllllc Polygon
Ostrava - Karviná Coal Field and 10eal seismic neLwork Lazy Colliery
",as Lesled to influence of accuracy of Eocus coordinales and inpul
values of ampJ iLude motion, seismic medium mode 1, crilerion of
nptimization.

Key \lords:
Oslrava - Karviná Coal Field, rockbursl focal mechanism, ampliLud~
inverse met-hod.

1.INTRODUCTION

Lasl year ve began to sludy lhe rockbursLs focal mechanism
generaLion meLhod in easLern part of Ostr.ava - Karviná Caal Fleld
(Ka 1áb. staš, Vese lá, 1992). Our meLhodology is based on experiences of
research workers of GeoLechnical InsLiLuLe and Geophysical InsliLute of
C2Bchoslovak Academy af Scienees. We used a compuler program for
c"mplilude inverse melhod (Šilen}", 1987) We had lo revise lhis program
~nrl we LesLed the rlghlness dependence of results on accuracy of inpuL
di'lta.

The progrdm for deLerminaLion of Lhe rockbursLs focal mechanism,
tJsi ng a mp l i t.uďe Inverslon meLhod have besn creaLed in Geophysi~al
Inst.ituLe of CZBchoslovak Academy of Sciences, Prague. The theor~l!caJ

Lhe ro~kbu.sLs focus 9uPPo91ng a superposilion of Ghear and
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volumeLric componenl of focal mechanlsM Is used (Šllen9, 1987).

Th~ calculaLíon is performed frorn lhe P-wave f1re exLrem~
amplitude Molion r€corded on seismic sLaLions and direcL or head vaV2
propagaLinq along a seismic ray.

The origlnal version of Lhe program dealL only vlth two-layer
seismic medium model (four-layer model could be used after Lhe
rnodlficalion, ILs calculaLlon vas inLerrupled) and with InpuL daLa from
Sllrface selsmic slaLlons. Oving to lhe complexiLy of the selsmic medium
in Lhe easl parL of Dstrava - Karviná Caa) Fleld and the presence of
underground sLaLians in lhe selsmic nelvork covered in Lhis area, lhe
proqram vas complelely revised. Updale verslon of lhis program deale
ullh maximum len~laye~ selsmic medium model and enables to usa dala
Crom underground moreover surface seismic sLaLlons.

Numerlcal characLerislics of Lhe rockbursl foca! mech~nism (dip,
sLrlke, rake, volumeLric comp.) and dravlng of Lha projecLion of nodal
surface and poslllon of Lhe sLaLion lo lower hernlsphere of unit sphere
are lhe oulpuls for lhls program. The ouLpul can ba added lhen by basie
descrlpLion dala of selsmic event (name, dale and Lime, energy, etc.)
and olher supplem~nlary informaLion aboul lhe seismlc event in a form
of Lhe lable. Now Lable conlains lhe following data: stan - ndme af the
slaLion, chs - charac~eristic of the slallon (underground, surface).
Ax, Ay, Az, AL -charLered componerits of ampllLudes, aha way of
calculalion to slandard amplilude Ared, kh lype of vave (O - dlrecL,
h~ad) a - angle devialion beLveen rea! and ealeulaLed dlrecllon of ray,
nxf, pzf - angle of va ve propagaLing from focus, xysf - epicentral
dislance of focus, dL hypocenLral dislance of focus, ~l lotal ray
PdLh. r! palh of vave on boundary line, Lime lima of propagallng,
csn cosinus of ray direclion lo the slaLion, n.ull usarl
allenuaLion. ?xxx7 value of square theorelic and standard measured
ampliludes dlfference after flnish calculatlon (See Flg.t), (Kaláb el
a 1 . , 1991) .

We began using modified program for routlne elaboraLion of selsmlc
data and our resulls complied ln general vith geomechanical ideas
(Kaláb, 1991). bul in sama Casas ve had differanl resulls for tne sama
evenl afler the repeaLed calculation vlth changed input condilions.
Thal Is ve declded lo check aga!n Lhe conducL of lhe program. WB used
~ sel of selsmic records of exploslve vorks of large exlent (velghl af
charqe more than IOOOkg), iLs selsmlc energy vas delermlnad to ba more
lllan IK103J and mlnjnq Lremors wllh selsmic energy more Lhan 104 J.
recorded by llle sLaLions of Seismie Polygon OsLrava - Karvlná Caa1

íleld and of Iaea! seismic
The focus coordinalas

neLwork Lazy Colllery (Fig. 2).
of aII seismic events vas calóulaled in
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Flq. 4. Influence of Input amplituda changes on a calculatlng focal
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Seismic Polygon ostrava Karviná C0~1 Field cenlru.

2. SELECTION OF CRITERION OF OPTIHISATION

Minimum sum of of differences of lheorelical and
standardised measured value of ampliludes molion yas considered lo be
a críterion of opLimioalion in Lhe oriqinaJ version af Lhe prograM.
Srna11 values of a-mpl i Lu.de=s nod"J surfaces caUAé non-uniform
veiqhlinq of informalion lhe sLalions. Therefore our updalerl
v~rsion enahlR~ us lo use a crll-erion oplimisalion. the sum of squar0S
o ř reli'ltive deviatlons of measured and Lheoretical ampliludes mol ion
( Ke Lé b o L al 1991 )

The calculat.ed value of t he volumelric component of lhe focal
mechanism iG much greater in case of lhe crilerion af oplimisaLion
selecLed. whlch correspand v í lh lhe Lheorelical presumplions for

yorks. The sensiltvily of lhe resull on lhe
change of inpul values of ampliLudes .•..as supposed lo be higher. h01.lever
this presumplion .•..as nol confi~med (F!g. 4).

The resulls 3r'e differenl v h i I e using various opLimisallon
cr'iteria. For rouline calculaLions ve provisionally used Lhe orlginal
criterian, buL for tesL seL of seismic reg!slralion of explosive vorks
ye are g01ng Lo use a nev melhod (Fig. 3).

3. INFLUENCE OF ACCURACY OF FOCUS COORDINATES

For an explosive vark and a minlng Lremor ve performed calculalion
of [ocal mechanism generatíon at. chang"e of every coordinat.e ± 300
m vit.h slep 50 m. We Lheorelically presumed Lhal Lhe result. 140n'l be
changeci al changing horlzonlal coordinaLes, or only i nsubsLanL! a 1 ly
whllsl deplh cnordinale can have inÍluence on Lhe ray passing Lhrough
analhal" layer af surrounding and can influence lhe resull a greal deal.

The lest sho .•..ed LhaL lhe resulL cauld be effecLed alsa by lhe Íarm
of minimising funclion. If more shallow minimum occurred. \le can gel
another resull even havlng inaccurale hari~ont.al coordinaLe.(Fig. 5).

ln case of deplh coordinale lhe lheorellcal presumplion was
canfirmed. There are Lhe deplh values in Lable I I, which set,
quaJ iLalive changes af resulls.
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Tab. I.
(d -

Types of medium models
depth. Vp - speed of p-vaves)

,--
I model
I

i [~J

1--1I 1470
I 2627
I 7258
1>"12581
I I~_---.l

rr-=;de 1-:~~-n I I.2 model .sv mode I. v- rI Vp I d vp I d Vp d Vp
[ml sl [mj Imis] [ml [m/sl I [11'I] [mIs)

I r t -- I - 1504215 I 500 3700 II -150 800 800
5089 II 1500 3981 II 500 3200 I 100 3200

I 5473
1/

2500 47531 1300 I 4200 1300 4200
6478 6840 5780 1>1300 5500 11>1300 ~jII 30000 6150 I

II >30000 I 800011 I

Tab. II: Deep values vhich set qualiLative changes of rockbursLs
[ocal mechani5m generation results influence medium model
(eee fig. 6)

d_ depLh value lese Lhen original one
d. depLh vaJue greaLer I.han oriqinal one

r model I-I d_[mJ d+[mJ I
I u:
I 2 II 540 :DI kOS 495 760
I sv II 460 910
L___v __ ~_ll 560 no chang.:j

4. JNFLUENCE OF ACCURACY OF INPUT v~LUES OF AMPLITUDE

t
test..seLs.

The experiments viLh inpuL data of ampliLudes vere performed 0n
Changed values on some sLaLions vere used for calculaLions.

evenLually an opposiLe mark in Lhe ampliLudes vilh Lhe highesL absoluLe
value vas used. There are examples in Lable III.

Whsn omilLed Lhe inpuL value fr-om one of Lhs sLaLions from Lhn.

complex of amplituda. Lhe resull vas differenL Lhe seismic medium model
depend nn.The posiLion of lhe slation al50 influencss Lhe LrajecLory of
the seismic ray and the resulting model of formalian mech3nism af focus
as \.Je II .
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6. Models of focal mechanism for four seismic medium models and

changed vertical coordinate of focus see tab. 2.
1 - model 2 A res~lt with original depth focus
2 model kOS B result with depth focus less then
3 model sv original one
4 model v C result with depth focus greater then

original one
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Tab. III. Examples af lnpuL aMPlituda mation influence on
result of det.ermination mechanism foc1 generation.
(The original values see ftg.I>

changed changad values D[oJ I SrO] R[ oJ V[%]
channel of input ampl.

Ikvey,majy +2.2, +9.04 84.9 177.7 90.7 3.9

~e2

I 5.1 349.7 82.

1-1.65
-

12.5 39.2 130.8 7.
i 80.6 177.7 91.7 I
!kveK,y'2 +2, -22.+16.5 56.5 286.7 -68.4 6.5
I 39.2 71. -119.2

kve",.26", +0.02.10. 77.9 174.5 90.2 6.6
12.1 353.6 89.2

!mai""y,,,, 1+9.42,+9.04, -2.99 83.2 173.7 91. 6 5.3
I 7. 340.7 77.1

IkVe,.. lut",. +0.02.+8.82, 76.2 345.7 -1.5 -8.3
1262.29", 1+10. , +8.1 I 88.6 76.0 -166.2

/kvex,v, +0.02,+2.2,+9.04 85.3 178.3 90.7 3.8
!majy 4.8 349.4 81.1

IkVex,rajz 1+0.02. -21.2 46.1 14.7 -110.3 5.9
I i 47.7 223.4 -69.8
I !Ikvex.z 1+0.02,+16.5 78.8 167.8 83.0 8.9
I I 13.2 19.9 121.5

kve,..Y,2 1+0.2. -22., +16:5 56.5 286.7 -68.4 0.7
I 39.2 71.0 -119.1

kve><,v,z, 1-0.2, +2.2, -1.65 45.2 131.1 -41.4 4.6
I I 62. 252.9 -127.1,
Ikve><,v,z, -O .2, •.2. 2, -1 .65 66.5 183.8 -84.7 1.4
ma)H,y,Z +9.42, +9.04, -2.89 24.1 350.6 -102. O

5. INFLUENCE OF SEISMIC MEDIUM MODEL

The seismic medium modele influence the result a great deal.
(Fi g. 7) Accuracy of all ot.her input. values 1s delermined by t.he
accuracy af measuring and deducting and it can ba influenced by lhe
inLerpreLer Lhal works accuraLe ar ~akes mlsLakes lhal can be exaluded.
From lhls paint of vlev lhe resull should ba unamblguous. The selsmlc
medium model is only very inaccurale approxlmallon af the faal and can
cause a considerable 1'lisLaJ,:p in !,he ci'J.lculn.Lion.
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We appJy the Slx-layer medium model (model. K05) (see tab. I), for
rouLlne elaboraLion of seismlc daLa, which Is applled also ln the
Seismlc Polygon OsLrava-Karvlná Caal Field actually. BoLh model.kOS and
Model.2 was calculaLed in Selsmic Polygon Ost~ava-Ka~vtná Coal Field
from lhe hodochrons. 80th model .sv and model.v vas judged frorn the
arrival Lime difference belveen underground and surface
slaLlons. Gradlenl of veloclly has been supposed.

seismlc

6. CONCLUSION

While calculating the rockbursls focal mechanisms by inversíon
melhod of ampllludes it is necessary to take lnlo conslderalion lhe
r'()ssibilily of random fO~li'Iation of differenl resulls al lhe same
seismlc event wilh changed inpul dala.

Il Is necessary lo know horizonLal coordlnates with accuracy
~200 m; accuracy af deLerminaLlon focus depLh depends on selecLed
medium model (Lab. III

The Influence of inpuL ampllLudes moLlon values on resulLlng [ocal
mechanlsm generaLion Is noL Lao meaningfuJ. Alloved misLake of inpuL
value of amplituda molion Is one order (tab. III) .

Il Is necessary lo pay special atLenlion Lo maklng of lhe seJsmic
medium Model because iL prlncipally influences the resulls.

ImplemenlaLion of oLher oplimislng crilerid LhaL use relaLive
devialion of measured and theorelical ampliludes' moLion Is not qUiLe
evidenl.
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