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This paper treats the stressed-deformed states and
stability of equilibrium state of the medium round underground
workings of deep bedding are investigated. NWotions of stabili~
ty of state equilubrium of the deformed rigid body are used
for the stability workings analysis.

This paper treats the general regularities of mecha-
nical processes near deep underground workings , ftaking into
account the destruction of the rock round them, the procedures
of the evaluation of the rock pressure value on timbering and
shift of excavation contour value. These values are the input
data under the calculation of optimal supported construction
(rock timberings). The definition of values is reduced to two
stages of the investigation: I - the construction of the be~
heviour model of rock mass round a deep underground workings,
taking into account the peculiarities of rock destruction [1,2]
II - mechanical-mathematical analysis of this model from a
poi?t of ¥iew of a stability theory o©f the deformed rigid bo-
dy [1,3,4]) .

According to stage I, stressed-deformed state of rock
mass round a deep working is defined. The rock mass with
built working is simulated by & weightless plane with a hole
(plane problem) and by weightless space with spherical or ver-
tical cylindrical workings (space axially symmetric problem),
simultaneously on the infinity is effort Yh (¥ -is a
solid weight of upper media, - is a deepness of the wor-
king), P - is a loading distributed uniformly on fthe contour
of the hole and cavity of the radii R, . As & plasticity con-
dition I takes an equation of media state with friction and
linking (Coulomb~Mohr condition):

max{/‘[n/—(b“,,+ﬂ)}=0, (1)
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Where 6} 3 i; — are the normal and tangential stresses, H -~
is a parameter, characterizing the envelope and depending on
moving coordinates [5L

Correlations
{ -5 Sz r
T T (2)
where éij - are the deformation components, 2y -~ are the
gtress components, /6&) ~ is the condition of plasticity,
in our case it has the form (I>, A - is the positive multi-

plier are used in the zone of non-~elastic deformations. Besi-—
des (1) and (2) equilibrium equations, geometrical equations
(equations linking displacements and deformations, and equati=
ons of non-separable deformation), which are true in the do-
main of elastic and zones of non-elastic deformations. The
form of these equations is well-known and isn’t given here.
Hooke’s law relations written in the corresponding system of
coordinate are used along with enumerated equations for a

link between stresses and deformations in the domain of elas-—
tic deformations.

Thus, the stress-deformed state round deep underground
workings is defined by using of all enumerated correlations.
So, in the case of deep extensive horizontal working this sta—
te is defined by the following components

5w | _ yh sinw(rh +6 fug )8 /)7 Urses =0
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Wy =P 55 (Yhe6o /4 )(R/P), U =o,

G'IP]=(P+AJC*950}PG‘2~/T'C19?' (3)
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Upy=g 76 (¥h+65 /42 )(R /P)“,' Liar =0,

where parentheses of the indexes mark the compornents relating
towthe domain of elastic deformations, and square brackets -
nmark the components relating to the domain of inelastic defor-—
mations, Gp 56s »Tpe =~ are stress comporents, Up, Lo ~

ere displacement components . =(1+SinY)fi-5inp) ,d,=28%nY/1~3intp) , P -
is the angle of inner friction of the rock; A - is the lin-
king coefficient of the rock in the zone of inelastic deforma-
tions, O¢ - is the strength limit of the rock at uniaxial
compression, G - is & shear modulus, j% - is the radius
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of inelastic deformation zone. In this connection the relation
which defines the character of interaction of rock mass with
the horizontal working timbering is as follows:

4 /

3ne 0o \[(1-3nP)(Fh- Go/2)+ KHetg '7 Fnp
UeRe 25 (Vh* ) P+ feiger

Relations similar to the expressions (3) and (4) are also re-—

ceived for the working of spherical forme. So, the dependence
similar to (4) used for deep spherical working is as follows:

o (Yh+6ufotg) [35h =260 +(1+2di ) Wetg ) B

L(,A,o:/ﬂ, 2(1+2dy) G- (1+2e,)(P+RctgP)

(5)

According to the relations (4) and (5) static equilib-

rium in the system timbering—rock is kept at diftferent
and every pressure value corresponds to & spherical radial
displacement of working walls. In a general case the more dis-—
placement of the working contour the timbering allows, the
less pregssure it has. The statical pressure exists even at

=0 y 1eee without timbexring. The displacements of timbe-
ring contour points have final specific values.

However, analytical investigations (stage II) and ob-
servations in industrial conditions [1] , show that at con-
tact pressure when it is lower, than some critical /1_ the
process of the loss of rock equilibrium in near-contour zone.

In connection with this, the relations (4) and (5)
define the character of rock mass interaction, surrounding the
working, with the confirming construction up to the loss of
their stable equilibrium.

The determination of/; is of great practical interest,
as ff corresponds the least contact pressure on timbering, at
which the stability of rock of near-contour zone is preserved.

According to stage II, the analysis of the stable
state of the near-contour equilibrium zone on the basis of the
deformed solid stability theory principles is carried out.

In addition, it?s supposed that under the loss of sta-
bility of equilibrium state some perturbed state ["denoted by
the superscript "prime"] is imposed upon the gtress-deformed
state, which is defined by the components (3) [denoted by su-
perscript "O"] .

The solution of the problem is sought from:_

’

6;; = G;r + 671 Blp= gt Mg (6)

¢ ) 9

The components with the superscript "prime" are infinitesimal
additional stresses and displacements of body points, turning
the deformed initial state (3) into perturbed.

The solution of the problem is reduced to the determi-
nation of such meanings asP =F£. andlpg=Uyx at which the
perturbation components are different from zero.

Thus, as a result of such analysis the value of rock
pressure on timbering ﬁ% and the value of displacement (L
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of working contour,

We’ll note, that under the examination of stability
equilibrium construction the loading on it, usually, increases
from a zero to its critical value. In the rock pressure prob-
lems the case is somewhat different. If we apply the pressure

= .d on the working contour, then the rock near it ig
always will be stable and that’s why in such problems the
pressure decreases from the value to its critical va-

lue /i , and the radial displacement ({ increases from the
zero to critical LL* .

Thus, the analytical notation of stable condition of
equilibrium of the rock near working has the form:

P 5 Wasusg )

The values /:.)); and U & depend from the mechanical characteris-—
tics of rock timbering, mechanical properties of rock surroun-
ding the working, from the deepness and geometrical size of
working. These data will be optimal at the timbering planning,
as /3 - is the least pressure on the timbering, (L - is

the greatest admissible displacement, under which the stabili-
ty of near-contour zone rock is provided. Obviously, that a
timbering support with this parameters will be easier and has
economiceal importance.

In view of the article boundedness I can give only
final expressions A and UL, for deep level timberings and
spherical timberings. Rock pressure on timbering and displace-
ment of a working contour for a deep streched level working
may be founded as

P = [=5n)eh-60/2) - (2°% 1 )Reta
Dy

sz v (8)
*

_p 3inte oy +1
W= /?,2—(; (¢h+60 /42 ) 0 g (9)

where 2 ~ is a non-measurement critical radius of non-elas-
tic deformation zone, which is defined by the equation

W 2
didg AR 2 o, () -B)R — [ B + (1+41) - 24 A =0,
(10)

_ Yh+6, /. _ A-3n)bh-6,/2)+Kcto P
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Rock pressure on timbering contours and displacement
value for a deep spherical working is determined by:

o 33/}]—26‘0"‘(’*25{1)/\10‘/“99)_ (11)
/g)c— Tt (1.,_20{1)/220(2 AJC7‘9('P,
—p Ao (¥R +Co/Aa) H2d*1
U =R e B ()
and f; we find from the equation

+ -1 ML
f;2°{,1+cﬁ20(| +(_27?—__1_@):O’ (13)

oAy [53/5"26;*(2"(1*7)/\"(2*9‘?]_ 24, +1
(2, ~1)(6, +d25h) 2oy =17

where

C =

D d2 (1+:) [BYh= 260 +(24,+1)Ketg PT+3 (4al,>~1)G
59(1(2"(1_1)(6;4"’(2)/}7) :

The proposed method Tfor optimal chgracte;ist@c of the
supporting constructions calculation gran?lng taxes into ac-
count the character of rock destruction, its physical-mechani-
cel properties, its deepness and geometrical size of_working.
Due to the modern computers the solving of the eguatiocns (107
and (13) isn’t so difficult.

The obtained meaning /3 and LL*_are compared with
the industrial observation data.

vou can find a more detailed description of stres;—
deformed state and stability of equilibrium state of massive
bodies with cavities, and of the elements of thick-walled con-
structions in respect to the problems of rock mechanlcs in
ionograpn [ 1 s )
; : pThe Jethods cf calculating paremeters of an\pliable
supporting end those of monolithic and roof (anchor) supports
and also cross dimensions cf stable pillars and underground
cavities to store oil and gas are also calculated by the sug-
gested methods. /
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The methods are well illustrated with examples.

In this paper, a thorough enough review of such in-
vestigations is given and it’s marked that similar investiga-
tions were conducted exclusively in the USSR.
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