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CONTRIBUTION ON POTENTIAL PREDICTION OF ROCK FAILURE
IN THE SURROUNDINGS OF LONG MINE ROADWAY IN STRATIFIED
ROCK MASS

Summary. A computer program has been developed for approximated de-
termination of the rock failure zone in the vicinity of a dog heading,
executed in a rock mass made up of five different rock strata, arbitra-
rily situated in the cross-section of the excavation. Use was made in
the program of Kolosov-Muskhelishvili algorithm for the calculation of
the state of stress round a hole of any shape. The criterion of the li-
mit state of rocks in each stratum was expressed by Mohr’s envelope in
the form of a broken line, composd of three straight segments. By the
way of an example are presented the results of calculations for a hea-
ding executed at the depth of 700 m in the cross-section of which
there are two rock strata, characterized by different values of Pois-
son’s ratio and different values, of cohesion, and angle of internal
friction.

PRZYCZYNEK DO PROGNOZOWANIA ZNISZCZENIA SKAL W OTOCZENIU WYROBISKA
KORYTARZOWEGO W GOROTWORZE 0 BUDOWIEE WARSTWOWE]

Streszczenie. Opracowano program komputerowy do przyblizonego okre-
$§lania strefy zniszczenia skal w sgsiedztwie wyrobiska chodnikowego
wykonanego w gérotworze zbudowanym z max pieciu rdéznych warstw skal-
nych dowolnie usytuowanych w przekroju poprzecznym wyrobiska. Wprogra-
mie wykorzystano algorytm Kotosowa-Muscheliszwilego do obliczania stanu
naprezenia wokét otworu o dowolnym ksztatcie. Warunek stanu granicznego
skat w kazdej warstwie wyrazono obwiednig Mohra w postaci linii tamanej
sktadajgcej sie z trzech odcinkéw prostych. Wcharakterze przyktadu
przedstawiono wyniki obliczen dla wyrobiska wykonanego na gtebokosci
700 m w ktédrego przekoju poprzecznym wystepujg dwie warstwy skalne
charakteryzujgce sie réznymi warto$Sciami wspoéiczynnika Poissona i réz-
nymi warto$ciami spojnosci i kata tarcia wewnetrznego.
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K Bonpocy 0 nporHOSHPOBAHHH ?A.3PyHIEHIIH rOPHHXIIOPOJI B PAIiiOHE
Y3KOM BHPABOTKH B TOPHOM MACCHBE CJIQHCTOrO GTPOEHHH

Pe3ioMe. B ciaibe irpe,ncTaBjieHa KOMnbiepHaa nporpauM a,
paspaOoTaHHan rjm npH6 jiH3HTejri>Horo onpe”ejieHHa 3ohh pa3-
pymeHHK nopoj; b pafitoHe y3KO0it BupafioiKH, nposefleHHoft b ro-
Phom waccHBe, cocioameM H3 cawoe 6o0o;u>moe hhth cjioea pas-
hhx nope«, pacno”iostetHHHXx jiigpkm 06pa30M b nonepennou ce-
geHHH BHpafioiKH. B nporpaMMe 6uji HcnoliBsoBaH ajiropniM Kouo-
ooBa-Mycxe HmBH lJiii pacneTa HanpaaceHHoro coctohhhh bo-
Kpyr oiBepoiM jho6o& $opMH. ycaoBHQ npe~eJiBHoro ooctohhhh
ropHHx nopofl 6BUJiI0 BHpaxeHO orH6ax>irle& Mopa, b BHfle JiouaHog
jihhhh, cocioaiiieft 23 tpex npsMHx ospesKkOB. B KaneciBe npH-
Mepa 6hjih npe~ciaBjieHH pe3yjn>iasu pacn&roB ¢yia BHpaCoiKH,
npoBefleHHoft Ha raySHHe 700m, b nonepenHou ceqcennH Kosopoa
Buciynaxrc: #Ba cjioh nopofl, xapaKsep23yioinHca pa3HHMH 3Hane-
hhhmh KO09iJxi)HiiHeHTa llyaccoHa, a sascsce pa3HHMH 3Haaehhhmh
ciienjieHHa a yraaMH BHyTpennero ipeHHH.

Mechanical processes occurring in rock strata of mine roadway surroundings
after roadway drivage may have infavourable consequences as cavings,
excessively excavation dislocations or even dynamic phenomena.

For selection of measures and means preventing such infavourable events an
estimation of stage and development of mechanical processes in the given geo-
logic situation is necessary. For an adequate choice of support type, support
construction and loading capacity of support a knowledge of mechanical condi-
tion on the contact of rock strata with roadway support is indispensable.

The condition of rock stability inthe drivage face can bedescribed as

0o-, =0

“tmax ~ °d

where:

°\max ~ max®raum tress affectingthe drivage face of unsupportedroadway,
o" - compressive strength of rock.

By fulfilment and compliance with the above-mentioned stability condition
the rocks are classified as stable, in a contrary case they are classified as
unstable. Based on this a number of criteria have been created by which an
unsupported roadway could be classiied according to its stability degree.

Most frequently the following criterium is applied:

where 'y ¢ H - vertical component of geostatic stress.
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According to this criterion unsupported roadways are classified into:

- stable (k <0,1),

- medium stable (0,1 s k s 0,24),

- unstable (k > 0,24).

An assessment of mechanical rock condition in the surroundings of a mine
roadway requires a determination of rock failure in the roadway surroundings
and to perform estimates of processes occurring after rock failure. It is
therefore necessary to specify dimensions of arising failure zones and to
determine methods and means for stability control.

Mutual effects between the support and rock strata are linked with mecha-
nical processes which are manifested by rock cavings (local, continuated) or
rock deformations. In the former case the loading condition is known,in the
latter case the roadway deformation condition is known. Among the existing
methods for determination of local cavings the method of elastic superposi-
tion appears as the most adequate. The principle of this method lies in
comparison of stresses derived from elastic rock strata model solution for
rock strata weakened by the roadway with the strength of surrounding rocks.
Where reliability conditions are not fulfilled, disturbance areas occur.

Two potential solution approaches should be mentioned. The former one is
based on simplification when determining actual stress condition and it
compares strength characteristics with actual stress characteristics. It does
not require an application of special algorithms or of computer equipment.
The basic input parameters are roadway dimensions, *compressive strength and
tensile strength of rocks and the stress on roadway periphery.

The relevant procedure is as follows:

- the roadway contour is drawn and within it a coordinate system (x,y) is lo-
cated. Along the contour 8 points are designated and they are numbered in
compliance with fig. 1. The location of points 2 and 4 will be defined by
the angle 0 = £ arctg jj,

- stress in contour points will be determined for a "substitute" roadway of
elliptic shape and equivalent cross section.

The half-axes of the ellipse will be calculated:

S = cross section area of investigated roadway
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for each point radius of ellipse curvature will be determined

hg
for points 1,5 R =—
e
a

for points 3,7 I% =
e

R 1. + / (ae + he} 3
for points 2,4,6,8 Re a
e e
- in a graphic way contour curvature radii in each point will be determined
(R¥).
The correlation of radii in i-point is given by parameter k

K =6, for points 6 and 8

RI12/3

? k =0, for straight contour sections

for Prmax = Pnin =P 2 tangentlal stress in the contour will be determined
according to corelations:

?
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= p[0,35( - KI) + (0,3 + 1,7 tci )’ﬁ]

02:7 =p[0,35(1 - k.) + (0,3 + 1,7 k.)"]

2 2
0}\; 4;6;,8 = p[I,2(ic1 - 1) +h athd ]

for a development of contour at axes (cr; 0) a stress pattern and a
strength pattern of rocks will be drawn. Zones in which the stresses exceed
rock strength are disturbed and with caving risk. A caving length 1 will be
derived from adiagram (see fig. 1),

height of distrubance or failure area is given by correlation:

j !
he = Jgj: (f = coefficient of Protodyakonov)

width of disturbance zone a' : a' = 2Rdsin 132 *
(27t-Rd

(Rd = arch radius in zone 1)
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loading by disturbed rock weight: g =y « S.

As mentioned above this procedure is an approximative solution, especially
in view of stress condition solution in the roadway surroudings. The authors
of this paper have therefore elaborated a MUSCH calculation system based on
Kolossov-Muskhelishvili algorithm for stress condition determination in the
surroundings of roadway of a given shape and also based on Mohr stregnth con-
dition for rocks in dimensionless formula as follows:

1 2 2 2 .2

1T . . 21
V= e - o AXl, - (o + <y + 2 ¢ *cotge ) Tsin oy
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(for V£ 0 disturbance-failure occurs; at V <0 disturbance does not
occur).

The calculation procedure is based on stress determination: <r cy; X in
each required point (on selected radial beams for a roadway whose conform re-

presentation is considered as:

z=w(?) =1 Ah«?1ln
1
where are real numbers, which are determend for actually used cross sec-
tions OO-O-XX or OP-O-XX, see (1).

A general form of Mohr strength envelope is approximated for each type of
rock by a broken line consisting of three straight sections. Their propor-
tions are determind by the values ¢~ (1 = 1,2,3). By calculation a
stress condition in sections positioned radially towards roadway is gradually
determined and evaluated. In every section the point representing a boundary
between disturbed and intact zones is sought for iteration. At the same time
rock features of individual layers defined are respected.

By geotechnical situation existence of bedded structures is**presumed
(max. 5) which can be absolutely arbitrarily situated in the roadway cross

section (see fig. 2). The job is made by interactive method with potential

Job sequence for bedded structures

subhorizontal subvertikal

b)

Fig. 2
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COMPUTER PRINTOUT
Input data

Roadway shape

Roadway depth

Roof weight loading

Table of strength parameters

nr. of mi fil cl fi2 c2
layer [St.] [MPa] [St.] [MPa]
1 0.30 55.0 3.0 45.0 5.0
2 0.25 50.0 2.0 40.0 4.0
mi - Poisson's ratio

Parametric input of Mohr strength envelope

fil,fi2,fi3 - angle of int. friction

cl,c2,c3 - cohesion

COMPUTER

Output-disturbance zone representation

PRINTOUT

23

00-0-12

700 m

.026 MN/m3
fi3 c3
[St.] [MPa]
25.0 6.0
20.0 5.0



24 J. Aldorf, K. Vojtasik

COMPUTER PRINTOUT

Table of results

of XOR YOR dis.val. SIGR SIGT TAU
(er [m) [m] [m] [MPa] [MPa] [MPa]

1 2.22 0.57 0.00 -0. 00 7.97 -0.00
1 1.99 1.11 0.00 0.00 14.57 -0.00
1 1.78 1.72 0.20 1.69 21.98 -2.48
1 1.42 2.36 0.47 3.89 26.36 -3.86
1 0.85 2.83 0.63 5. 17 29.75 -3.25
1 0. 14 2.99 0.60 6.24 33.51 -1.62
1 -0. 51 2.82 0. 38 8.01 38.98 0.57
1 -0.51 -2.82 0. 38 8.01 38.98 -0. 57
1 0. 14 -2.99 0. 60 6. 24 33.51 1.62
1 0.85 -2.83 0.63 5. 17 29.75 3.25
1 1.42 -2.36 0.47 3.89 26.36 3.86
1 1.78 -1.72 0.20 1.69 21.98 2.48
1 1.99 -1.11 0. 00 0. 00 14.57 0.00
1 2.22 -0.57 0.00 0.00 7.97 0.00
2 -1.30 3.06 0.81 11.70 24.29 8.84
2 -3.21 3.73 2.56 10. 64 14.22 8.75
2 -3 .15 2.25 1.89 8.72 11. 23 7.99
2 -1.73 0.88 0.47 0.61 1.28 1.97
2 -1.64 -0. 00 0.46 0. 34 -1.51 -0. 00
2 -1.73 -0.88 0.47 0.61 1.28 -1.97
2 -3.15 -2.25 1.89 8.72 11.23 -7.99
2 -3.21 -3.73 2.56 10. 64 14.22 -8.75
2 -1.30 -3 .06 0.81 11.70 24 .29 -8.84

dis.val. - disturbance values

error correction.The geometric location of bedded structures is realized in a
graphic mode and disturbance zones in the roadway surroundings are calculated
in two steps. In the first step the disturbance zone above roadway floor is
defined and an average disturbance value of roadway floor is determined. On
the basis of average floor disturbance (disturbance depth) it is possible to
approximate a new shape of worked-out section in the floor region (elliptic
counter-arch made in rock strata by special blasting method). It is also
possible to determine new disturbance zone parameters for eventual projection
of further stabilization measures.

The above-mentioned procedure enables creation of criteria for application
of measures increasing floor stability.

The output solution set includes:
- representation of roadway and geotechnical situation.

- representation of disturbance (failure) values,
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- average (mean) disturbance value,

- table of results with coordinates of points of disturbance zone and stress
magnitudes in these points,

- information on maximum sizes of disturbance zones in the roof, sides and
floor of roadway.

A specimen of output set of exemplary model is mentioned in Appendix Nr 1.
Although the MUSCH system has been created primarily for dealing with stabi-
lity problems of roadway floor its application for determination of seam
disturbance zone in a roadway side is obviously possible and there is a
directly applicable programme for such purpose. The reliability of results is
directly proportional to input information quality concerning rock features

and original geostatic stress.
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