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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 h as  been developed  f o r  approxim ated  de­
t e r m i n a t i o n  o f  th e  rock  f a i l u r e  zone in  th e  v i c i n i t y  o f  a dog heading, 
ex ecu ted  in  a rock  mass made up o f  f i v e  d i f f e r e n t  rock  s t r a t a ,  a r b i t r a ­
r i l y  s i t u a t e d  in  th e  c r o s s - s e c t i o n  o f  th e  e x c a v a t io n .  Use was made in  
th e  program o f  K o lo so v -M u sk h e l ish v i l i  a lg o r i th m  f o r  th e  c a l c u l a t i o n  of 
th e  s t a t e  o f  s t r e s s  round a h o le  o f  any shape. The c r i t e r i o n  o f  th e  l i ­
m it  s t a t e  o f  rock s  in  each s t r a tu m  was e x p re s se d  by Mohr’ s envelope  in  
th e  form o f  a broken  l i n e ,  composd o f  t h r e e  s t r a i g h t  segments. By th e  
way o f  an example a r e  p r e s e n te d  th e  r e s u l t s  o f  c a l c u l a t i o n s  f o r  a hea ­
d in g  ex ecu ted  a t  th e  d ep th  o f  700 m, in  th e  c r o s s - s e c t i o n  o f  which 
th e r e  a r e  two rock  s t r a t a ,  c h a r a c t e r i z e d  by d i f f e r e n t  v a lu e s  o f  P o i s -  
so n ’ s  r a t i o  and d i f f e r e n t  va lu e s ,  o f  cohes ion ,  and a n g le  o f  i n t e r n a l  
f r i c t i o n .

PRZYCZYNEK DO PROGNOZOWANIA ZNISZCZENIA SKAL W OTOCZENIU WYROBISKA 

KORYTARZOWEGO W GÓROTWORZE 0 BUDOWIE WARSTWOWEJ

S t r e s z c z e n i e .  Opracowano program komputerowy do p rzy b l iżo n eg o  o k re ­
ś l a n i a  s t r e f y  z n i s z c z e n ia  s k a ł  w s ą s ie d z tw ie  w yrobiska chodnikowego 
wykonanego w góro tw orze  zbudowanym z max p i ę c i u  różnych warstw s k a l ­
nych dow olnie  usytuowanych w p r z e k r o ju  poprzecznym w yrobiska. W p ro g r a ­
mie wykorzystano a lgory tm  Kołosowa-M uscheliszwilego do o b l i c z a n ia  s t a n u  
n a p rę ż e n ia  wokół otworu o dowolnym k s z t a ł c i e .  Warunek s t a n u  g ran iczn ego  
sk a ł  w każd e j  w ars tw ie  wyrażono obwiednią  Mohra w p o s t a c i  l i n i i  łamanej 
s k ł a d a j ą c e j  s i ę  z t r z e c h  odcinków p ro s ty c h .  W c h a r a k t e r z e  p rzy k ładu  
p rze ds taw io no  wyniki o b l i c z e ń  d l a  w yrobiska  wykonanego na g łęb o k o śc i  
700 m, w k tó re g o  p rz e k o ju  poprzecznym w ystępu ją  dwie warstwy sk a ln e  
c h a r a k te ry z u ją c e  s i ę  różnymi w ar to śc iam i w spółczynnika  P o is so n a  i r ó ż ­
nymi w a r to śc iam i s p ó jn o ś c i  i  k ą t a  t a r c i a  wewnętrznego.
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K B o n p o c y  0  nporHOSHPOBAHHH ?A.3PyHIEHIiH rOPHHXIIOPOJI B PAiiOHE 

Y3KOM BHPABOTKH B TOPHOM MACCHBE CJIQHCTOrO GTPOEHHH

P e3 io M e. B c i a i b e  irp e ,n c T a B jie H a  K O M n b iep H aa  n p o r p a u M a ,  
paspaOoTaHHan r j m  npH6 jiH3HTejri>Horo onpe^ejieHHa 3 o h h  pa3 - 
pym eHHK n o p o j ;  b  pafitoH e y 3 K 0 it B u p a f io iK H , n p o se f le H H o ft  b  r o -  
P hom  w a c c H B e , c o c io a m e M  H3 c a w o e  6o ;u>m oe h h t h  c j i o e a  p a s -  
h h x  n o p e « ,  p acn o ^ io s te H H H x  jiiq6km  o 6 p a 3 0 M  b  n o n e p e n n o u  c e -  
qeHHH B H p a fio iK H . B n p o rp a M M e  6 u ji  H c n o J iB so B a H  a j i r o p n i M  K o u o -  
ooB a-M y cx e^H m B H Jiii p a c n e T a  H a n p aa c eH H o ro  c o c t o h h h h  b o -  
Kpyr o i B e p o i M  jho6o&  $opMH. ycaoBHQ npe^eJiBHoro o o c t o h h h h  
ropHHx n o p o f l  6ujio BHpaxeHO orH6ax>ir!e& M o p a ,  b  BHfle JiouaHog 
j i h h h h ,  c o c io a i i i e f t  2 3  t p e x  npsM H x o s p e s K O B . B K a n e c i B e  n p H -  
Mepa 6 h j ih  n p e ^ c ia B j ie H H  p e 3 y j n > i a s u  p a c n & r o B  ¿ y ia  B H p a C o iK H , 
n p o B e fle H H o ft Ha ra y S H H e  7 0 0 m , b  n o n e p e n H o u  c e q c e n n H  K o s o p o a  
B u c iy n a x rc : # B a  c j i o h  n o p o f l ,  x a p a K s e p 2 3 y io in H c a  pa3HHMH 3 H a n e -  
h h h m h  K 0 9iJxi)HiiHeHTa I l y a c c o H a ,  a  sascsce pa3HHMH 3 H a a e h h h m h  
c i ie n jie H H a  a  y ra a M H  B H y T p e n n e r o  ip e H H H .

Mechanical p ro c e s s e s  o c c u r r in g  in  rock  s t r a t a  o f  mine roadway su r ro u n d in g s  

a f t e r  roadway d r iv a g e  may have in f a v o u ra b l e  consequences a s  cav ing s ,  

e x c e s s iv e l y  e x c a v a t io n  d i s l o c a t i o n s  o r  even dynamic phenomena.

For s e l e c t i o n  o f  measures and means p re v e n t in g  such in f a v o u ra b l e  e v e n ts  an 

es t im a tio n  o f  s t a g e  and development o f  mechanical  p ro c e s s e s  in  th e  g iv e n  geo­

lo g ic  s i t u a t i o n  i s  n e c e s s a ry .  For an ad equ a te  ch o ice  o f  su p p o r t  type ,  su p po r t  

c o n s t ru c t io n  and lo a d in g  c a p a c i ty  o f  su p p o r t  a  knowledge o f  m echanica l  c o n d i­

t i o n  on th e  c o n ta c t  o f  rock s t r a t a  w i th  roadway su p p o r t  i s  in d i s p e n s a b le .  

The c o n d i t io n  o f  rock  s t a b i l i t y  in  th e  d r iv a g e  f a c e  can be d e s c r ib e d  as

<r, -  o-, =  0tmax d

where:

°\max ~ max^raum t r e s s  a f f e c t i n g  th e  d r iv a g e  f a c e  o f  u n su pp o r ted  roadway,
o-  ̂ -  com press ive  s t r e n g t h  o f  rock.

By f u l f i l m e n t  and compliance w i th  th e  above-m entioned s t a b i l i t y  c o n d i t io n  

the rocks a r e  c l a s s i f i e d  a s  s t a b l e ,  in  a c o n t r a r y  c a se  they  a r e  c l a s s i f i e d  a s  

unstab le .  Based on t h i s  a number o f  c r i t e r i a  have been c r e a t e d  by which an 

unsupported roadway cou ld  be c l a s s i i e d  ac c o rd in g  to  i t s  s t a b i l i t y  degree .  

Most f r e q u e n t l y  th e  fo l lo w in g  c r i t e r i u m  i s  a p p l i e d :

where y • H -  v e r t i c a l  component o f  g e o s t a t i c  s t r e s s .
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According to  th i s  c r i t e r io n  unsupported roadways a re  c l a s s i f i e d  in to :

-  s ta b le  (k < 0 ,1 ) ,
-  medium s ta b le  (0,1 s  k s  0 ,2 4 ),
-  u n s ta b le  (k > 0 ,24 ).

An assessm ent o f mechanical rock co n d itio n  in  the surroundings of a mine 
roadway re q u ire s  a d e term ina tion  of rock f a i l u r e  in  the roadway surroundings 
and to  perform  e s tim a tes  o f p rocesses occurring  a f t e r  rock f a i lu r e .  I t  is  
th e re fo re  necessary  to  sp e c ify  dim ensions of a r is in g  f a i lu r e  zones and to  
determ ine methods and means fo r  s t a b i l i t y  co n tro l.

Mutual e f f e c ts  between th e  support and rock s t r a t a  a re  linked  w ith mecha­
n ic a l  p ro cesses  which a re  m anifested  by rock cavings ( lo c a l,  con tinuated ) or
rock deform ations. In the former case the loading co n d itio n  i s  known, in  the
l a t t e r  case the roadway deform ation co n d itio n  i s  known. Among the e x is tin g  
methods fo r  d e term in a tio n  o f lo c a l cavings the  method of e l a s t i c  superposi­
t io n  appears as the  most adequate. The p r in c ip le  o f t h i s  method l i e s  in  

comparison o f s t r e s s e s  derived  from e l a s t i c  rock s t r a t a  model so lu tio n  fo r  
rock s t r a t a  weakened by th e  roadway w ith  the s tre n g th  of surrounding rocks. 
Where r e l i a b i l i t y  co n d itio n s  a re  not f u l f i l l e d ,  d is tu rb an ce  a re as  occur.

Two p o te n t ia l  so lu tio n  approaches should be mentioned. The former one is  
based on s im p lif ic a tio n  when determ ining ac tu a l s t r e s s  co n d itio n  and i t  
compares s tre n g th  c h a r a c te r is t i c s  w ith a c tu a l s t r e s s  c h a r a c te r is t ic s .  I t  does 
not re q u ire  an a p p lic a tio n  of sp e c ia l a lgorithm s or o f computer equipment. 
The b a s ic  inpu t param eters a re  roadway dim ensions, * com pressive s tre n g th  and 
te n s i le  s tre n g th  of rocks and the s t r e s s  on roadway periphery .

The re le v a n t procedure i s  as follow s:
-  th e  roadway contour i s  drawn and w ith in  i t  a coo rd ina te  system (x ,y ) i s  lo ­

ca ted . Along th e  contour 8 p o in ts  a re  designated  and they a re  numbered in  

com pliance w ith  f ig .  1. The lo c a tio n  of p o in ts  2 and 4 w ill  be defined  by 

th e  angle 0 = ± a rc tg  jj,
-  s t r e s s  in  contour p o in ts  w ill  be determ ined fo r  a " s u b s titu te "  roadway of 

e l l i p t i c  shape and eq u iv a len t c ro ss  se c tio n .
The h a lf -a x e s  o f the e l l ip s e  w il l  be ca lc u la ted :

S = c ro ss  se c tio n  area  of in v e s tig a te d  roadway
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fo r  each p o in t  r a d iu s  of e l l i p s e  cu rva tu re  w i l l  be determined

h20
f o r  p o in ts  1,5 R = —

e
a

fo r  p o in ts  3 ,7  R =e he
1  / ( a e  +  h e }  3f o r  p o in ts  2, 4, 6, 8 R =  r— 'e a *h e e

-  in  a g raph ic  way contour cu rva tu re  r a d i i  in  each p o in t  w i l l  be determined 
(R*).
The c o r r e l a t i o n  of r a d i i  in  i - p o in t  i s  given by parameter k

k. RI l 2/3  

?

K = 6, fo r  p o in ts  6 and 8 

k = 0, fo r  s t r a i g h t  contour se c t io n s

fo r  p = p . = p a ta n g e n t i a l  s t r e s s  in  the contour w i l l  be determinedr max 'm in  r  e
according to  c o re la t io n s :

o-1 :S  = p  [ 0 ,3 5  (1 -  K. )  + ( 0 , 3  + 1 ,7  tc, )£ ]  l  i  i  h

0-2;7 = p [ 0 , 35(1 -  k . )  + (0 ,3  + 1,7 k . )^ ]
2 2

2; 4; 6; 8 = p [ l , 2 ( i c .  -  1) + h +, a ] o-̂  l  a*h

f o r  a development of contour a t  axes (cr^; 0) a s t r e s s  p a t t e r n  and a 
s t r e n g th  p a t t e r n  of  rocks w i l l  be drawn. Zones in  which the  s t r e s s e s  exceed 
rock s t r e n g th  a re  d is tu rb e d  and w ith  caving r i s k .  A caving leng th  1 w i l l  be 
de r ived  from adiagram (see f ig .  1),
h e igh t  o f  d is t ru b a n ce  or  f a i l u r e  a rea  i s  given by c o r r e la t io n :

j  /
hc = gj: ( f  = c o e f f i c i e n t  o f  Protodyakonov)

width of  d is tu rb a n ce  zone a '  : a '  = 2R .s in  13—̂ *d (27t-Rd
(R, = arch  rad iu s  in  zone 1) d
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GTftMPa]

pI max

F ig .  1

cav in g  a re a :  S = ^  18(1 + _) s i n a  -  J -L  -  s i n  2al
6 L 2V f  R d  J
180*1 . _ 180*1 a  = =— = -  l 2a  =2n*R, jt*R ,

(1 = 1)

“d ‘ d

lo a d in g  by d i s t u r b e d  rock  w eigh t:  q = y • S.

As mentioned above t h i s  p roced u re  i s  an app rox im a t ive  s o l u t i o n ,  e s p e c i a l l y  

i n  view o f  s t r e s s  c o n d i t io n  s o l u t i o n  in  th e  roadway s u r ro u d in g s .  The a u th o r s  

o f  t h i s  p a pe r  have t h e r e f o r e  e la b o r a te d  a MUSCH c a l c u l a t i o n  sys tem based  on 

K o lo s s o v -M u sk h e l is h v i l i  a lg o r i th m  f o r  s t r e s s  c o n d i t io n  d e te r m in a t io n  in  the  

su r ro u n d in g s  o f  roadway o f  a  g iv en  shape and a l s o  based  on Mohr s t r e g n t h  con­

d i t i o n  f o r  rock s  i n  d im e n s io n le ss  fo rm ula  a s  fo l lo w s:

1 T 2 2 2 2 1V = — r: tr -  O' .)  + 4x , -  (cr + <r. + 2 c , * c o t g œ . )  s i n  ip,\y*H L r  t  r t  r  t  l  l  i j
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( f o r  V £ 0 d i s t u r b a n c e - f a i l u r e  o ccu rs ;  a t  V < 0 d i s tu r b a n c e  does no t  

o c c u r ) .

The c a l c u l a t i o n  p ro ced u re  i s  based  on s t r e s s  d e te r m in a t io n :  <r ;̂ cy; x in

each  r e q u i r e d  p o i n t  (on s e l e c t e d  r a d i a l  beams f o r  a  roadway whose conform r e ­

p r e s e n t a t i o n  i s  c o n s id e re d  as:

z = w (?) = I  An • ? 1_n
1

where a r e  r e a l  numbers,  which a r e  determend f o r  a c t u a l l y  used c r o s s  s e c ­

t i o n s  OO-O-XX o r  OP-O-XX, see  (1) .

A g e n e ra l  form o f  Mohr s t r e n g t h  enve lope  i s  approxim ated  f o r  each  typ e  o f  

rock  by a broken  l i n e  c o n s i s t i n g  o f  th r e e  s t r a i g h t  s e c t i o n s .  T h e i r  p ro p o r ­

t i o n s  a r e  de te rm ind  by th e  v a lu e s  c^ (1 = 1 , 2 , 3 ) .  By c a l c u l a t i o n  a

s t r e s s  c o n d i t i o n  in  s e c t i o n s  p o s i t i o n e d  r a d i a l l y  tow ards roadway i s  g r a d u a l ly  

d e te rm in ed  and e v a lu a te d .  In  e v e ry  s e c t i o n  th e  p o in t  r e p r e s e n t i n g  a boundary 

between d i s t u r b e d  and i n t a c t  zones i s  sough t f o r  i t e r a t i o n .  At th e  same time 

ro ck  f e a t u r e s  o f  i n d i v id u a l  l a y e r s  d e f in e d  a r e  r e s p e c te d .

By g e o te c h n ic a l  s i t u a t i o n  e x i s t e n c e  o f  bedded s t r u c t u r e s  is**presumed 

(max. 5) which can be a b s o l u t e l y  a r b i t r a r i l y  s i t u a t e d  i n  th e  roadway c ro s s  

s e c t i o n  (see  f i g .  2 ) .  The jo b  i s  made by i n t e r a c t i v e  method w i th  p o t e n t i a l

Job s eque nce  for  bedded s t r u c t u r e s
s u b h o r i z o n t a l  s u b v e r t i k a l

F ig .  2

b)
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C O M P U T E R  P R I N T O U T  

I n p u t  d a t a

Road way  s h a p e  0 0 - 0 - 1 2
Roadway  d e p t h  7 0 0  m
R o o f  w e i g h t  l o a d i n g  . 0 2 6  MN/m3

T a b l e  o f  s t r e n g t h  p a r a m e t e r s

n r .  o f  
l a y e r

mi f i l
[ S t . ]

c l
[MPa]

f i 2
[ S t . ]

c2
[MPa]

f i 3
[ S t . ]

c3
[MPa]

1 0 . 3 0 5 5 . 0 3 . 0 4 5 . 0 5 . 0 2 5 . 0 6 . 0

2 0 . 2 5 5 0 . 0 2 . 0 4 0 . 0 4 . 0 2 0 . 0 5 . 0

mi -  P o i s s o n ' s  r a t i o
P a r a m e t r i c  i n p u t  o f  Mohr  s t r e n g t h  e n v e l o p e  
f i l , f i 2 , f i 3  -  a n g l e  o f  i n t .  f r i c t i o n  
c l , c 2 , c 3  -  c o h e s i o n

C O M P U T E R  P R I N T O U T  
O u tp u t-d is tu rb a n c e  zone rep resen ta tio n
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C O M P U T E R  P R I N T O U T  

T a b l e  o f  r e s u l t s

o f
( e r

XOR
[m)

YOR
[m]

d i s . v a l . 
[m]

SIGR
[M Pa]

SIGT TAU 
[M Pa] [M Pa]

1 2 . 2 2 0 . 5 7 0 . 0 0 - 0 .  00 7 . 9 7 - 0 . 0 0
1 1 . 9 9 1 . 1 1 0 . 0 0 0 . 0 0 1 4 . 5 7 - 0 . 0 0
1 1 .  78 1 . 7 2 0 . 2 0 1 .  69 2 1 . 9 8 - 2 . 4 8
1 1 . 4 2 2 . 3 6 0 . 4 7 3 . 8 9 2 6 . 3 6 - 3 . 8 6
1 0 . 8 5 2 . 8 3 0 .  63 5 .  17 2 9 . 7 5 - 3 . 2 5
1 0 .  14 2 . 9 9 0 . 6 0 6 . 2 4 3 3 . 5 1 - 1 . 6 2
1 - 0 .  51 2 . 82 0 .  38 8 . 0 1 3 8 . 9 8 0 . 5 7
1 - 0 . 5 1 - 2 . 8 2 0 .  38 8 . 0 1 3 8 . 9 8 - 0 .  57
1 0 .  14 - 2 . 9 9 0 .  60 6 .  24 3 3 . 5 1 1 . 6 2
1 0 . 8 5 - 2 . 8 3 0 . 6 3 5 .  17 2 9 . 7 5 3 . 2 5
1 1 . 4 2 - 2 . 3 6 0 . 4 7 3 . 8 9 2 6 . 3 6 3 . 8 6
1 1 . 7 8 - 1 . 7 2 0 . 2 0 1 .  69 2 1 . 9 8 2 . 4 8
1 1 .  99 - 1 .  11 0 .  00 0 .  00 1 4 . 5 7 0 . 0 0
1 2 . 2 2 - 0 . 5 7 0 . 0 0 0 . 0 0 7 . 9 7 0 . 0 0
2 - 1 . 3 0 3 . 0 6 0 . 8 1 1 1 . 7 0 2 4 . 2 9 8 . 8 4
2 - 3 . 2 1 3 . 7 3 2 . 56 1 0 .  64 1 4 . 2 2 8 . 7 5
2 - 3  . 15 2 . 2 5 1 .  89 8 . 7 2 1 1 .  23 7 . 9 9
2 - 1 . 7 3 0 . 8 8 0 . 4 7 0 . 6 1 1 . 2 8 1 . 9 7
2 - 1 . 6 4 - 0 .  00 0 . 4 6 0 .  34 - 1 . 5 1 - 0 .  00
2 - 1 . 7 3 - 0 . 8 8 0 . 4 7 0 . 6 1 1 . 2 8 - 1 . 9 7
2 - 3 . 1 5 - 2 . 2 5 1 . 8 9 8 . 7 2 1 1 . 2 3 - 7 . 9 9
2 - 3 . 2 1 - 3 . 7 3 2 . 5 6 1 0 .  64 1 4 . 2 2 - 8 . 7 5
2 - 1 . 3 0 - 3  . 0 6 0 . 8 1 1 1 . 7 0 24 . 29 - 8 . 8 4

d i s . v a l .  -  d i s t u r b a n c e  v a l u e s

e r r o r  c o r r e c t i o n .T h e  geo m e tr ic  l o c a t i o n  o f  bedded s t r u c t u r e s  i s  r e a l i z e d  i n  a 

g r a p h ic  mode and d i s tu r b a n c e  zones i n  th e  roadway s u r ro u n d in g s  a r e  c a l c u l a t e d  

in  two s t e p s .  In  th e  f i r s t  s t e p  th e  d i s tu r b a n c e  zone above roadway f l o o r  i s  

d e f in e d  and an ave rag e  d i s tu r b a n c e  v a lu e  o f  roadway f l o o r  i s  d e te rm ined .  On 

th e  b a s i s  o f  av e rag e  f l o o r  d i s tu r b a n c e  ( d i s tu r b a n c e  d ep th )  i t  i s  p o s s i b l e  to  

approx im ate  a new shape o f  w orked-out s e c t i o n  in  th e  f l o o r  r e g io n  ( e l l i p t i c  

c o u n te r - a r c h  made in  rock  s t r a t a  by s p e c i a l  b l a s t i n g  method). I t  i s  a l s o  

p o s s ib l e  to  d e te rm in e  new d i s tu r b a n c e  zone p a ra m e te r s  f o r  e v e n tu a l  p r o j e c t i o n  

o f  f u r t h e r  s t a b i l i z a t i o n  measures.

The above-m entioned  p ro ced u re  e n a b le s  c r e a t i o n  o f  c r i t e r i a  f o r  a p p l i c a t i o n  

o f  measures i n c r e a s i n g  f l o o r  s t a b i l i t y .

The o u tp u t  s o l u t i o n  s e t  in c lu d e s :

-  r e p r e s e n t a t i o n  o f  roadway and g e o te c h n ic a l  s i t u a t i o n .

-  r e p r e s e n t a t i o n  o f  d i s tu r b a n c e  ( f a i l u r e )  v a lu e s ,
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-  av e rag e  (mean) d i s tu r b a n c e  va lu e ,
-  t a b l e  o f  r e s u l t s  w i th  c o o r d in a te s  o f  p o in t s  o f  d i s tu r b a n c e  zone and s t r e s s  

magnitudes in  th e s e  p o in t s ,
-  in fo rm a t io n  on maximum s i z e s  o f  d i s tu r b a n c e  zones in  th e  ro o f ,  s i d e s  and 

f l o o r  o f  roadway.
A specimen o f  o u tp u t  s e t  o f  exemplary model i s  mentioned in  Appendix Nr 1. 

Although th e  MUSCH system has been c r e a t e d  p r i m a r i l y  f o r  d e a l i n g  w i th  s t a b i ­

l i t y  problems o f  roadway f l o o r  i t s  a p p l i c a t i o n  f o r  d e te r m in a t io n  o f  seam 

d i s tu r b a n c e  zone i n  a roadway s i d e  i s  o b v io u s ly  p o s s i b l e  and th e r e  i s  a 

d i r e c t l y  a p p l i c a b l e  programme f o r  such purpose. The r e l i a b i l i t y  o f  r e s u l t s  i s  

d i r e c t l y  p r o p o r t i o n a l  to  in p u t  in fo rm a t io n  q u a l i t y  conce rn in g  rock  f e a t u r e s  

and o r i g i n a l  g e o s t a t i c  s t r e s s .
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