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THE LIE GROUP ANALYSIS AND THE COEFFICIENT PROBLEM IN THE NON-LINEAR
STOCHASTIC EARTH'S SUBSIDENCE MECHANICS
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ABSTRACT. The problem is in the field of applied geo-mechanics. The investigation is focused on strata and ground movement over mined out areas. Using the Lie
group analysis of the main equation of the non-linear stochastic geo-mechanics, a transformation is obtained. The partial differential equation of the non-linear
stochastic geo-mechanics is transformed into an ordinary one. Applying measurements data for the vertical displacements, the coefficient problem is solved. An
algorithm for organizing the solving procedure is described. The obtained relations may be used to plan and manage mining operations.
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rPYNoBuA AHAIU3 HA X NPU PELLABAHE HA KOE®ULIMEHTHATA 3AJAYA B MEXAHUKA HA MYNOATA
Muxaun Bbnkoe
Mry ,Ce. Mean Puncku”,1700 Cogpus, e-mail mvulkov@abv.hg

PE3IOME: Bb3 ocHoBa Ha TpynoBust aHanua Ha Jlun, NpUnoxeH KbM OCHOBHOTO YpaBHEHWE Ha HernvHelrHaTa CTOXaCTW4Ha reoMexaHuka, € pelueHa
koethuLMeHTHaTa 3agadvaTa B MexaHuka Ha MUHHaTa mynaa. HeitHa uen e onpefensHeTo Ha koeduLMeHTa B OCHOBHOTO ypaBHeHue Ha HemnuHelHaTa cToxacTuyHa
reomMexaHuka no [AaHHW OT NOneBn K3MepBaHus. MocnegHust Xapakrtepusupa noBeaeHNeTo Ha I'IOﬂpaGOTeHVIﬂ CkaneH MacuB MO OTHOLIeHME Ha
Mynp,oo6pa3yBaHeTo. I'Ipep,CTaBeH € anropuTLM 3a npoBeXaaHe Ha peLleHKeTo. AHaJ'II/I3VIpaHVI Ca npegumcTeata W HeJoCTaTbUWUTE Ha pasrnefaHnd MeTon.
HanpaseHu ca n3sogu.

Knto4oByn pymu: MexaHuka Ha Mynfara, rpyros aHanus, koedmumeHTHa 3apava
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Underground mining of minerals or civil engineering works W7o
are the reasons for subsiding the overlying rock mass into the
underground cavities. The studied result of that phenomenon is
the subsidence of the earth's surface. It creates unfavorable
conditions for the functioning of buildings, infrastructure, and H
equipment and natural objects on the earth's surface.

o Pixz)

In order to analyze the subsiding process caused by
underground mining, it is important to determine the rock mass -
properties connected with the studied phenomenon. -

The functional coefficient A(W) in the main equation of the

non-linear stochastic geo-mechanics (Vulkov 1989, 2006)
characterizes the heterogeneity of the rock mass and its
behavior in the process of subsiding. In this paper, the problem
of determining this functional coefficient is studied.

Fig. 1.

The coefficient problem

The problem of determining the non-linear coefficient can be
The plane problem of determining the equation of the mining reduced to the following problem for the quasilinear Fourier

subsidence trough, (Vulkov 1989, 2006) - Fig.1 - is considered equation:

using the Lie group analysis method for the main equation of

the non-linear stochastic geo-mechanics. [A(W) W ]X W, —0<x<w; 0<x<H )
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w(x,0)=gq (X) —w<X<w z=0 %)

w(0,H)=0,5w,, x=0, z=H, ©)

where w (x,y) is the vertical displacement of point P of the
influence zone with coordinates (x,y); A(W) is the studied
coefficient; ¢ = @(x) is a function describing the subsidence
of the immediate seam top; H is the depth of the coal seam;

W, is the maximal vertical displacement on the earth’s
surface arising by the existing conditions.

Relationship (3) is experimentally determined.

The Lie group analysis of the main equation

L.V. Ovsyannikov (1959, 1978) made the Lee group analysis
of the equation similar to the main equation of the non-linear
stochastic geo-mechanics. The group invariant solutions to that
equation may be classified after the type of the non-linear
coefficient, which characterizes the heterogeneity of the rock
mass:

e when the coefficient A(W) is an arbitrary function,
then equation (3) allows three independent

operators:
0 0 0 0
=— & =—,&=Xx—+22—; 4
&1 ™ & = &3 . P @)
e higger number of operators may exist only when
A(w)=exp(w) and A(w)=w"". (5)

By constructing the main equation of the non-linear
stochastic geo-mechanics, the non-linear coefficient is
obtained in a polynomial form (Vulkov 1989). So, the cases in
(6) are not interesting for this study.

Generally, the different solutions of the equation (2) of
ground of one parametric under groups are shown in table 1
(Ovsyannikov, 1959).

Table 1
Ne Case | Aqq(P)-arhitrary function
1 I 2
2 Il &y
3 1] &3
4 v E1+&s
The invariant solutions in cases I, Il, and IV are not

interesting to use in solving geo-mechanical problems
connected with the formation of the mining trough.

The attention in this study is concentrated on case Ill with
invariants

2

77:"7 and  P(xz)=V(n). ®)

Solution to the coefficient problem

The current investigation is concerned with the problem of
obtaining the coefficient A(w) using the results of in-situ
measurements of the earth's surface displacements.

The coefficient problem for (1) - (3) can be simplified by
applying transformations (6).

They transform the quasilinear parabolic partial equation into
an ordinary differential equation.

After introducing the following dimensionless variables in
equation (8):
w A(w
V=—:A\V)= %) 7
A A(wy)

and substituting (6) and (11) in problems (1) - (3) it is obtained:

v, =4[ A(V)V, ]ﬂ

(8)
V(0)=0,5; ©)
V() =0, (10)

where V,7 =d—V.
dn

To solve the studied problem, the ordinary equation (12) is
integrated once:

V-C=-4A(V)V,. (12)

From (11), the non-linear coefficient is obtained in the form:

A(V)= 64\;\/ . (12)
n

The constantin (12) is

C= 4A(V0)V,7 (Vo)—Vo
where V(0)=0,5 is the measured value of the vertical
displacement above the border of the mined-out area (Fig. 1).

0<V, <1. (13)

Finally, for A(w) is obtained:

A(Vp)V, (Vo)-Vo —0,25v

A(V)=

! (14)

In order to apply relation (14), the measurements in some
points of the horizontal Uy and vertical Wy displacements in-

situ are needed. Using these values and the Avershin's
relationship (1947)

u(x y)=-A(w) 2

ES
the values of the functional coefficient at these points can be
calculated:

A(Vo)=-

(Wo )y
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Result analysis and discussion

The characteristic of the geo-material A(VO) characterizing

the heterogeneity of the rock mass and its behavior in the
process of subsiding is determined using the Lee group
analysis of the main equation of the non-linear stochastic geo-
mechanics and some measurements data. Such information is
available in the survey departments of the mines. To adapt
relationship (14) to the specific conditions of a mining field, it is
necessary to measure the values of the vertical and the
horizontal displacements in some points in the zone of
subsidence trough. Instead of this, one can use empirical
knowledge such as w(0, H) = 0,5w, in fig.1.

By creating the model (1)-(3), it is assumed after S.Knothe
(1956) that the following axioms are fulfilled:
- The mining subsidence is caused by the mining out of
a single horizontal coal seam;
- The dynamic phase of the process of subsiding is
over;
- The mining front is linear and long enough;
- The depth of the seamis H>150m;
- The mined-out part of the coal seam is big enough.

The established results show that once the non-linear
coefficient is obtained for some zone of the mining field, the
same relationship can be used for the whole influence zone of
the mining operations, and in mining fields with analogical
conditions.

Conclusion

The considerations presented in this paper lead to a new
mathematical model which allows the determination of rock
mass properties by subsiding, caused by underground
excavation of geo-material.

In conclusion, it can be noted that the considerations
presented above correspond to a new mechanical method for
describing the medium behavior properties by subsiding. The
essence of such a model is its adaptation possibility for the
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specific conditions in a mining field by using measurements
data in some points of the influence zone.
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