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The review of works devoted to the stability theery applica-
tion in the rock mechanica to analysia of rock state near
deep and auperdeep borehclea is given and method for defer-
ming stebility paresmeters of deep apherical cavitiy in the
conditiona of minimum information about opening mesaif.

1. Studying spatial (three dimensicnel) body equilibrium ata-
bility problems conformably to geomechAnics groblema inclu-
ding problsmme of rock atebility near deep and superdeep bore-
haolea (deep geomechanica) forms the new rapidly developing
field of the deformable solid mechenica (or rock mechanics).
Thia new direction of investigaticns - the stability in rock
mechanica (SHM) appeared ae a matter of fact on & junctiom of
two flelds of knowledge wilith the deformable solid mechanica
{+he nonlinear mechanics of continuum) and the rock mechanics
is succeaafully developing mors than twenty years in the Ee-
zairh National Academy of Sciences. In the papers (Alimzhanov
M.T., 1982,1990 a) the rather complets review of works on spa-
tial bodies equilibrium stebllity probtlems conformably to ge-
cmechanics problems is given. From the referencee it ia evi-
dent thet Kazskhstan reasearches have a priority in this field
of imowledge. The inveatigations carried out recemtly (Alim-
ghanov M.T., 1990,1932) showed that the fundamental proposi-
tione of the SEM theory allow to come to a solution of highly
impertant problem namely the preventicn of accidents end com-
plicaticns comnected with the loss of rock equilibrium stabil-
1ity near deep borsholes. It ia known that the variant: near-
Casplean West Kozakhatan boreing enterprises suffer damsge
about hundreds millions roubles annually because of these ac-
cidents and complications.

When calculating & deep borehole wall stability till our ti-
mea the traditicnal appreach (Alomzhanov M.T., 1990 b,1992 a)
iz used which basmed on the evaluation of a near-wall zone
rock durahility. In this case the concepts "durability" and
"atability" of borshole walla ara identified (though these
cgnnﬁpts have different sences in the deformable solid mecha-
nics).
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However from the results of researches (Alimzhanov M.T.,1989,
1990,1992, Alimzhanov M.T. and Semenychev G.A., 1989,1990,
1991,19925 it is follows that the only correct approach to
solyting this class problems is nontraditional approach based
on evaluation of elastic - plastic equilibrium stability of
rock near a borehole following from the propositions of SRM
theory.

This approach allows to obtain a number of new results . Thus,
in the work (Alimzhanov M.T., 1990 b) from point of view of
SRM theory which basis is given in the paper (Alimzhanov M.T.,
1982) a problem of mining pressure control when drilling deep
boreholes is considered. As is generally known the applyied
bore-solutions exert enormous influence on drilling deep and
superdeep boreholes to designed depth. The bore-solutions must
first of all to prevent from the process of the loss of equi=-
librium stability of borehole wall rock bringing to borehole
narrowing (change of dimensions and form of section) screes,
collapses. Now there is a number of formulae for calculating
a bore-solution density. However, all these formulae were ob-
tained from point of view of borehole wall durability ensu-
ring and at times overstated results which differ each other
greatly. In the work the new concept was introduces with "op-
timum bore-solution density (minimum allowable)"™ which ensu-
res the stability of deep borehole walls. The method for de-
terming this optimum density was given too proceeding from
the SRM theory. It is shown that the Coulomb-Mohr's condition
can be used for a description of mechanical processes around
a borehole in a massif of sand-clay sediments where different
complications occur very often. Thus the new scientific dire-
ction-SRM theory can be used in the new field of knowledge
namely in the deep drilling science (deep geomechanics).

In the paper (Alimzhanov M.T.,1992 b) the function of cohe-
sion coefficient heterogeneity was introduced.

This function takes into account the heterogeneity of rock
properties in the nonlinear deformation zone (NDZ) owing to
the forming micro and macrocracks and bore-solution weake-
ning influence on rock near a borehole.

Plane problem about strained deformed state (SDS) and the
loss of equilibrium stability of rock near borehole was con-
gidered too.

Spatial axially symmetrical form of the loss of equilibrium
stability of rock near a borehole was considered in the pa-
per (Alimzhanov M.T., 1989, 1992 a)e.

In the work (Alimzhanov M.T.,1992 c) an experimental-analy-
tical method was proposed. This method allowa to carry out
an express- analysis of rock state near a deep borehole with
minimum information about opening massif.

The influence of physical-mechanical characteristics of sedi-
ment and drilling depth on optimum bore-solution density was
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studieg in the work (Alimzhanov M.T., and Semenychev Ge.A.,
1990 a

In the paper (Alimzhanov M.T. and Semenychev G.A., 1990 b)
the differential equation system was given. This system al-
lows to determine perturbation components both in NDZ and
in elastic deformation region and to solve the problem about
plane equilibrium buckling of rock near deep boreholes dril-
led in a thickness of fragility destroyed rock was conside-
red in the work (Alimzhanov M.T. and Semenychev Ge.A., 1990c).
Here the Coulomb-Mohr's condition was taken as the condition
of rock change in nonlinear deforming state. In the works
(Alimzhanov M.T. and Semenychev G.A., 1989, Semenychev G.A.,
1991) for described mechanical processes in sediment around
a borehole the elastic-plastic model of noncompressable medi-
um was used. This medium submits to jthe theory of small elas-
tic-plastic deformations with extendable strengthening. How-
ever for lack of reliable experimental data about sediment pa-
rameters entering in the correlation between deformations and
strains, the formulae obtained in the work (Alimzhanov M.T.,
1990b) were used. By these formulae the program was formed
and calculation was carried out on the computer. The influence
of physical-mechanical characteristics of sediment and boreing
%epth on the stability of deep borehole walls was given in the
ables.

In the work (Alimzhanov M.T. and Semenychev Ge.A., 1992) the
ideas stated on the paper (Alimzhanov M.T., 1990b) were deve-
loped and were applied in practice (to concrete conditions of
building deep boreholes in Cespian cavity). The experimental
examiningakhe method of determination of rock stability near
a borehole was made in the boreholes on an area Elemeth-2 and
Elemeth-4 (district Otrau). The calculation data were given
in tables.

The research fulfiled in (Alimzhanov M.T., 1992d) showed that
the critical radius of NDZ around a borehole decreases with
rise in drilling depth, but the optimum value (minimum allow-
able) of bore-solution density ensuring the stability of bo-
rehole walls increases. But this optimum density is substan-
tially smaller than density maintaining borehole wall durabi-
lity. Such regularity is appeared when considering as a plane
form of stability loss (Alimzhanov M.T., 1990d) as a spatial
axially symmetrical form of stability of rock equilibrium near
a borehole (Alimzhanov M.T., 1989).

In the work (Alimzhanov M.T., 1992e) on the basis of SRM the-
ory conceptsy the analysis of variation of parameters of dura-
bility and stability of borehole walls with rise in drilling

depth was given. For $he stability state of borehole walls it
is necessary that the NDZ boundary do not go out of limits of
the axially symmetrical surface described by the critical ra-
dius of NDZ, i.e. this boundary must be inside the "gtability
jug" as it is called. The walking of NDZ boundary beyound the
"jug" leads to the processes of the equilibrium stability loss
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of rock near ma borehole and as & reault eve i
: D i iy pasil
ii;atigna_deanrlbed in the paper (Alimghanov ﬁ.%., 19%3b3°2£:
g &« It is nhtaineﬂﬁﬁha formula for determing s typical depth
dur:espunding te the tase of the "atatility jug". Below thia
epth the conditions of durability end stability of borehole
Walls coinaide. The numerical examples are given.

The report (Alimszhanov M,T et al.,19
el -y 92:‘ iz 4 t =
:::gi}izggl aprroach to solving problem of prasggtiggt:hgun
ens connected with los ild
Tty T Aoy oo 0sa of rock egquilitrium stabi-

In the paper (Alimshanov A.M 1993 a) 1t 1
M, ¢+ 1z studied inf
g?cﬂ forces and bﬂrﬂ-anlutian.weakening influernce gn BlE::IG—
Eh:::igasfgig gﬁ ﬁgik neaﬁ e deﬁp torehole. The influence of
b ua and conf ti ig=-
boundary ia given in tsbles. Tty O SLoN G

Une of the perapective directicn of wall i

gtability ri
deep boreholes and borchele hermetic copacity ralgti?:atzr
permesble layera is controlable colmatation,

In the paper (Alimzhenov A.M »1993 b) BDS of rock m
P whila aaT a d
E:rehn%a 18 defined with taking inte account colmatated acfep
E:. t iz shown that colmatated screen allews not only te
iﬂ e near-wall zone durabllity of a deep borehole but also
@ reduce essentially bore-sclution denaity.

Thus, nontraditional approsch to sanelyais
I of ree

ﬁtburehule Bllowa to introduce a new ggncepta inka:I::;enzgi—
Ut deep drilling, i.e. to develope & technique for determing
aigitically*impurtant nontraditional pearametera conmec ting

i rock stability near a deep boreholea and method for de-
. rging ﬂtabllitydparamet&rﬂ of deep spherical cavity in the

onditions of minimum information mbout opening masailf, For
gxampla, E@ese parameters are optimm (minimum allowabls)
Aore-sﬁluilon density (Alimzhanov M.T., 19590, 1992}, "atabili-
Egagug for ensuring rock atability near a borehole it ia ne-
e afiithat NDZ near a borehole did not go cut the jug 1i-
. B imzhenev M.T.,1952e) ete. Thias approaczh allowa to
& ;B proctic trend +to investigation, in another words, to
:gwangﬁigzzizgd tgjapeciry existent methods and to develon
ocna cnes T a4 i L
oE i N studied? or determing quantitative indicas

Thus, in the work (Alimzhanov M.T.,1993)
olay the znew nontraditi-
g:ﬂlimathnd Iur‘detETMing atabllity perametera of & deap :i-
: nesive hcriznn;ag working in the ccnditions of minimum Fn-
ormation about opening masaif ias given. Purther it ia pro-
gg::&atg? an;lcgnunhmethgd for determing the atavility para-
me L B deep apherical cavity in th
minimum information about upenizg maaaig.ﬂame i st

2. The methoda based on experimental-thecretical approach to

redearching rock mechanics problema were called
mental-analytical (Alimzhanay H.T..1993],H ed a3 experi-

LS

Theae methods allowed to define a nonlinear deformabls state

of rock masaif eround cleaning workinga when working off

coal strata. It should be noted thet experimental-analyticel

method based only on the treditionsl anelytical sglutions :
following from elastic or slastic-plestic eguilibrium ¢f Tock

maself can bte used not always.

Combipation of non~traditional analytic sclutlons (Alimzhanow
M.T.,1982) following from the proposition of SREM theory and
experimental methods giving any informstion about concrete
mechanic processes near underground cavities, opena new posai-
bilitiea in the rock mechanica (Alimzhanov M.T.,1993). These
peapibilitiea are comnected first of all with calculating SIS
and stabllity of near-contour zone rock in the condition of
minimum information about opening masaif.

The posglbilitiea of nontraditional approsch o snalysing i
rock satats near deep and superdesp borehclea are described in
tha worke (Alimzhemov M.T.,1990,1932].

On the basis of the nontraditional experimental-snalytic app-
roach we will conmider the method for defining the atabllity
parameters of deep spherical cavity used for pleacing machine
and pumping stations, storing useful minerals etc. Let, cn the
some depth h _ from deily surface the deep spherical cavity
mith radiua Re is created. On the cavity contour uniform
distrituted lead P acte it is resstien of timbering.

We will suppose that durability properiies of Tock both of
NDZ end of elaatic deformation region are described by recti-

linear rounding of Mohr's circles.

Feal= (Ga+H)tg¥®, Gy = 131Y(6p+ G+ Hsin¥, (1)
the parameter H for non-destroyed intact rock (elaatic defor-
mation reglon) will be equal:

HalE,
: ;o A (2)
cises @ER AT =Sy L W e
Zle of inner friction of rock, e ia durmbility of rock

ralative to presaing, and for the rock in WDZ

H=Kcig?, (3)

where }Q ia coafficient of rack cohesion in this zone.

Wa suppose thet from resulta of nature investigations with
the help of dynamometers the normal ccmponsmt value of con-
tact pressure on A& timbering was defined. With the help
of ultrasonic investigeting near-contour masaif. (Alimzhanov
M.T.,1993 the dimensionless boundary _pp of NDZ was found.

Using the analytic solution of problem on SD3 and rock atabi-
1ity of near-contour zone (Alimzhanov W.T.,1984) and experi-
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————hetus—consider an example.

rimental research data P and P, we wi

e will
of rock relative to pressing(i"o and dispfggggezgemggﬁgbilify
of massif near considered cavi%y by the formulae: .

6¥'= %[3‘5 h + (1+ 2d))Ketge - (1+2d,)(P+Kctgw) P, @

o

G = [(a,- )P (a ) 1- A ezt o, ©
{ 1]

_d2r35h 26
vdiere A= R (—ZEZFF?-— +|<CIQJ£), B'=(5£?+'d2371.

periments that angles of inner fri

d untouched rock are pract So=

;gsigigésT?:rgigre we caﬁlsuppose that these agglesiggiiyezg-
ce as we as in rock massif. The B

gur;bilit{ ( 0 ) and deformation ( GM ) charath§ig:§c:f1n

b;cthgaggréu?zgr(igh:;éc%%)cavity on the depth having defined

one can
ast contact pressure on a timberi By o gpanLuer of e, Ta-

mum inf
ning massif. This value is defined by theo§2g;ig:=about opes

_[3%h 1
Py = [zde t Ka‘%ﬂﬁjdz‘ Ketg, (&)

where Py is found from transcendental equation

di_ 2% o(1-A) 2%-1  A(1+dy) 2d4

2T+ T 2d- Py = SGan* zpg-C=0, @

2

where ( = = .

Let on the depth 800m i i
of argillaceous schists a spherical cavitﬁvwith raé?ughEiE?Zi:

is built. The mean value of data from d
: t
ween rock and timbering on the cavity mtgei:ré glﬁc; d‘b/b):)tz-
The mean distance of boundary of NDZ from working contéur is °
equal to 5m then dimensionless boundary on NDZ will be

Po=(Rot5m)/Ro=(4+5)/4=2,25.

Assuming an angle of inner friction ¥=25°¢

= or argill
sc};isga".‘ and K= 10t/m?2 we will féund the va%uesag?.og?"
an for thickness of argillaceous schists near this <

:gzi:¥ by the formulae (4) and (5).These values are given in

Further using obtained values we found the 1

east cont -
ssure P Dby the formulae (6) and (7). With this valu:c; gi:—
bility‘or the cavity maintains already on the depths h=1000m,
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essy 1500m.
TABLE

CALCULATION OF ROCK STABILITY PARAMETERS
NEAR DEEP SPHERICAL CAVITY

h,mm P’t/mz Po 65, t/mt G t/m? Note
800 11,50 2,25 2027 498712 Initial
data
900 24,72 2,23
1000 38,70 2,21 Stability pa-
rameters of

1100 53,40 2,18 deep spheri-
’ ’ 2027 498712 | .a1 cavity

1200 68,74 2,16

1300 84,78 2,14

1400 101,30 2,12

The value of P are given in the table too. The merit of new
proposed method for founding parameters of rock stability in
near-contour zone in comparison with existing ones is that
these parameters are defined by experimental data (by rea-
dings of dynamometers and data of ultrasonic investigation)
which reflect well, real deforming rock massif in concrete
mine-geological conditions without specific investigating a
kern in laboratory.

Thus combination of analytic solution following from SRM
theory with readings of dynamometers and systematic ultraso-
nic control of near-contour massif is one of the progressive
directions for creating methods for geomechanics basing sta-
bility parameters of deep underground cavity in the conditi-
ons of minimum information about opening massif.
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