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STRESSES AROUND A CIRCULAR OPENING EXCAVATED IN LAYERED AND SLIDING
ROCK MASS
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ABSTRACT: The article focuses on the issue of determining the stresses in a steeply layered rock mass around a circular opening. The rock mass consists of
homogeneous isotropic layers. The boundary between them is steeply inclined to the horizon. The influence of stresses due to the drawing of the opening extends to
a square area. The specified class of problems is solved by the method of complex variable functions and the mechanics of layered media. This problem has been
solved in previous works of the authors’.

In this paper, it is proposed to take into account the behaviour of the rocks around the hole over time. Here, the hereditary theory of elasticity, or more precisely the
method of variable modules, is used. The rock mass consists of two layers. The expressions for the mechanical constants and the expressions for the stresses in
each layer after a certain time are obtained.

The results are applied to a real rock mass. Mechanical constants are calculated at two points in time. Two diagrams of the normal tangential stresses for points from
the contour of the hole are given. The first diagram shows the stresses at the initial point of time. The stresses after a certain time are shown in the second diagram.

Key words: method of complex variable functions, mechanics of layered media, method of variable modules.

HAMNPEXEHWA OKONO KPBbIrOBA U3PABOTKA, MPOKAPAHA B HAMJIACTEH U NbN35L MACUB
Buonema TpuchoHoea-I'eHoea, MepeaHa ToHkosa
Munro-2eonoxku yHusepcumem "Cs. MeaH Puncku”, 1700 Coghus,

PE3IOME: B cratusita ce pasrnexpa BbnpoChT 3a ONpefensHe Ha HanpexeHusiTa B CTPbMHO HannacTeH MacuB OKOMO Kpbrosa uapaboTka. MacvebT ce CbeTon OT
XOMOFEHHM U30TPOMHM MracTa. 'paHunLaTa Mexay TsX e CTPBMHO HaKMoHeHa CnpsiMo XOpH30HTa. BRNSHWETO Ha HanpexeHusiTa, AbMKaluy e Ha NPOKapBaHETO Ha
u3paboTkaTa ce NPOCTUpa B kBajpaTHa 06nacT. YkasaHusT Knac 3ajaum ce pellasa ¢ METoaMTe Ha (yHKLMM Ha KOMNIIEKCHA MPOMEHNMBA U Ha MeXaHuKa Ha cpeau
¢ nnactose. Ta3v 3aaaya e pelueHa B NPpeavLIHM paBoTu Ha aBTopuTe.

B ta3n pabota ce npeanara Aa ce 0T4eTe MOBEAEHMETO Ha CKanMTE OKOMO OTBOPa BbB BpeMeTo. TyK Ce M3Non3Ba HaCcrefCcTBEHaTa TEOPUS Ha enacTUYHOCTTa Nk
Mo-TOYHO METOAA Ha NpOMEeHMMBIUTE MoZynu. MacuBbT ce CbeToW OT fiBa nnacta. MonyyeHu ca U3pasuTe 3a MeXaHUYHUTE KOHCTaHTU W U3pasuTe 3a HanpeXeHusTa
BbB BCEKM NNacT Crefl onpefieneHo Bpeme.

Pesyntatite ca NMpunoXeHu 3a pearneH MacyB. M3uMcrieHn ca MexaHWyHWTE KOHCTAHTU B /1B MOMEHTa OT Bpeme. [lafieHu ca [iBe Auarpamu Ha HOpManHOTO
TaHreHUManHO HampexeHne 3a TOYKM OT KOHTypa Ha u3pabotkata. Ha mbpeara Auarpama ca MpefCcTaBeHM HampexeHusita B HadvaneH MOMEHT OT BpeMme.
HanpexeHusTa crief onpesieneHo Bpeme ca U3o6paseHy Ha BTopaTta auarpama.

KniouoBu AYMU: Teopua Ha (*)yHKLlI/IVI Ha KOMNMeKCHa NpoOMeHNBa, MeXaH!Ka Ha HannacTeHuTe cpeau, MeTod Ha NPOMEHNUBK MOAYNNU.

Introduction passing through thin and parallel layers (Trifonova-Genova,
2012).
Analytical methods exist for determining the stresses The aim of the present work is to extend this solution to an
around a circular mine opening. In most studies, researchers array consisting of thicker layers. The latter are isotropic and
consider the rocks to be isotropic. The solution of the problem homogeneous. The opening is circular.

is complicated when taking into account the presence of
different layers and their deformation over time. There are

developments for an array that consists of parallel and Methods

homogeneous layers. Their thickness is commensurate with

the opening of the working. The theory of layered media is 1. Formulation of the problem

applied to this class of problem (Trifonova-Genova, 2012). This An environment consisting of two isotropic steep layers is
theory has been extended to the thicker layers (Trifonova- considered. The boundary between them is inclined at an
Genova, 2018). This change in stresses over time is angle o« to the horizon (fig.1). The influence of stresses
investigated by the linear theory of hereditary elasticity (Amisin extends to a square area. The coordinate system is polar (r, 6).

et al., 1974). Part of this theory is the method of variable The considered area is loaded with vertical (Q,, Q,) and
modules. It is applied to study the stresses around an opening
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(4Q,, A4,Q,) horizontal stresses. Their analytical
expressions are given in (Trifonova-Genova, 2017). The
opening is in a circular form with radius T .
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Fig.1 Computational scheme

2. Stresses in randomly located layers

According to the theory of layered environments,
researchers replace the layered medium with an equivalent
medium. For that, the stress state is obtained after the
analytical method of Kolosov and  Muskhelishvili
(Muskhelishvili, 1966). This method of complex variable
functions are further developed by Savin and Lekhnitski (Savin,
1961; Lekhnitski, 1963). The stresses in polar coordinates,
volumetric weight, physical and mechanical characteristics of
the medium are given in (Trifonova-Genova, 2018). The
stresses in an equivalent medium participate in stresses in
each layer.

3. Behavior of rock mass over time

The calculation of stresses and strains over time is of
practical interest. The theory of hereditary creep is applied. It
studies the mechanical constants of the medium and replaces
them with temporary integral operators with a creep core. The
difficulty in solving problems with this theory lies in the
decipherment of operator expressions. These difficulties are
circumvented when using the methods of variables modulus
developed by Amusin and Linkov (Amusin et al., 1974). In this
method, the integral operators of the Young's modulus and
Poisson’s ration are replaced by their own time functions
(Trifonova-Genova, 2012; Dimitrov, 2009). For an isotropic
medium, these functions have the form:

EW =W+ 0®)", k=12
“ (1)
k 1-¢
0 _qe 00— o
=00 T1-a
where
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t is the moment of time, [s];

O, and o, are creep parameters;
K is number of layer;

E® s Young's modulus, [MPal;
,u(k) is Poison’s ration;

®") is the creep function.

These functions are used to determine the coefficients of
deformations of Hooke’s generalised law. They also express
the stresses in a generalised homogeneous medium and those
in the individual layer.

4, Stresses in layers, functions of time
Stresses along the contour of the opening are of practical
interest (Trifonova-Genova, 2018):

0'5'}) =0;
TS;,)I =0;

ol = {[Bl(]f)c2 ¥ Bgﬁ)sz]sz +c* 40,55 }09‘}),

where

C=C0s j3; s=sin g; s, =sin(28);
B=0-a; A, =[AEY+AEQT
Ay = lut(l)Et(Z) _/ut(Z)Et(l); k=12;

BY =-A.A..A,; BY=-AA EY.

Here:
A is the total area of the square, [mZ];
A, and A, are the areas of two layers.

The stresses in the homogeneous medium, due to the
creep of rock mass, are:

o) =—2yH (4, —24,, cos 26), (3)

where
Ay, =050+ 2°);

. =05(1-A);
()

(0) _ M .
Sl
7(0) is volumetric weight of generalised medium, [MN/m3];

e

H is the depth of circular opening, [m?].
For this medium the functions of Young's modulus and
Poison’s rations are:

is Poison’s ration of generalised medium;
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2 2
Z Et(k)Ak Z:ut(k)Et(k)Ak
Et(O) _ k=12 ; lut(O) _ k=12 (4)
> A > AEY
k=1 k=1

In moment t, =0, expressions (2), (3), and (4) acquire
the form given in (Trifonova-Genova, 2016, 2018).

5. Numerical example
A circular opening with radius I, =1.5m is passed to
the depth of H =100m. Young’s modulus, Poisson’s

rations, and volumetric weights for two layers are given in table
1.

Table 1. Physical and mechanical characteristics in layers

Table 3. Physical and mechanical characteristics when
crawling on rocks

k £ ,U(k)
dimension MPa -
multiplier 104 -

1 01777 0.4215

2 0.0376 0.4112

(0] 0.1162 0.4200

Thirteen points are selected along the contour of the
circular opening. Their angular coordinates are determined for
them.

The normal tangential stresses in the two generalised
media are calculated. These stresses are related to vertical
stress in a generalised medium before digging the hole

(Q’=y°H )- The relative normal tangential stresses at

k g® ,u(k) }/(k) contour points are obtained. They are listed in table 4.
i ; 3
dimension MPa MN /m Table 4. Relative normal tangential stresses in generalised
multiplier 10* 1072 media at both ends of a considered time interval
1 0595 0.237 238 | , o) o)
2 0.148 015 25 point ®) )
0] 0.3986 0.2228 2.668 Q Q
dimension [O] -
The vertical stresses along the contour of considered area 1 0 27 23
of fig. 1 are: 2 44T 23 2.1
Q, =2.8MPa, 3 60 06 14
Q, =2.5MPa. 4 90 0.1 -1.1
. _ 5 120 -0.6 -1.4
The coefficients of lateral pressure A, =0.3106 and 5 150 20 20
A, =0.1763 participate in the expressions for the 7 180 2.7 2.3
horizontal stresses. 8 210 -2.0 -2.0
The total area of the square area is: A =324 m?>. The area 190 g;g 816 1 1’
of layer 1 is A =181.656 m*, and of layer 2 is T 203°07’ 03 13
A, =142.314 m*. 12 330 -2-0 -5-0
The creep parameters are listed in table 2. 3 360 27 23
Table 4 shows a decrease in the maximum tangential

Table 2. Creep parameters

k ay Oy
dimension - st
multiplier - 1072

1 0.726 0.5715

2 0.670 0.3277

A time interval is considered with limits:

t =0
t, =352days =3.05.10"s .

Two tasks are solved for these boundaries. For the first
task, the physical and mechanical characteristics are given in

table 1. The same characteristics are calculated for second
task. The results are shown in table 3. The characteristics were
obtained for two generalised environments. Their values are
given in the last rows of Table 1 and 3. The volumetric weight
of the media is given in table 1.
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stress at the end of the interval. In the vertical points, this
stress from the tensile at the initial moment passes into the
pressure at the end of the considered time interval.

The results of the table are illustrated in figure 2 with two
curves.

Fig.2. Diagrams of relative normal tangential stresses in
generalised media at both ends of the considered time interval.
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The solid line gives the relative normal tangential stress at
the initial time. The other curve corresponds to the stresses at
the end of the interval. Some authors use the solutions in table
4 in pre-design.

The relative normal tangential stresses in two layers, for
two times interval limits, are given in table 5. The table shows a
change in the maximum relative normal tangential stress in the
layers. Thus, in layer 1, this stress decreases and in layer 2, it
increases at the final moment.

Table 5. Relative normal tangential stresses in layers at both
ends of considered time interval

NOEEEE

Q" 1 Q" | Q7 | Q°

dimension [O] - - - -
1 0 -3.7 -3.2

2 24°47 -2.6 -2.0 2.3 -1.9

3 60 -0.6 -1.5

4 90 +0.1 -1.2

5 120 -0.5 -1.2

6 150 0.8 0.7

7 180 -1.4 -1.1

8 210 -1.6 -1.7

9 240 0.6 -15

10 270 +0.1 -1.2

11 293°07 -0.3 -0.3 -0.7 -1.2
12 330 -2.9 -3.0
13 360 -3.7 -3.2

It can be seen form the values in the table that there is a
change in the stress jump at points on the boundary between
the two layers. The jump in point 2 is a difference of 23% at the
beginning. It decreases to 17% at the end. At point 11, there is

no jump at time (t, ). The stress jump increases to 47% at the
end of the interval (t, ).

The relative normal tangential stress, at the vertical points
of the contour, changes. It goes from tensile in the initial
moment to pressure in the final moment.

Using the data from table 5, the diagrams in figure 3 are
constructed. The solid line shows the relative normal tangential

stresses at time t, .The stresses at the end are given with a

broken line.

A comparison the two curves in the figure shows a change
in shape. The relative stresses at the horizontal points
decrease and at the vertical points increase. Thus, the creep of
the array needs to be taken into account.

6. Key finding

Analytical expressions of stresses in each layer are applied
in layers whose slope is greater than half the right angle.

In this article, stress expressions are a summary of stress
expressions in layers (Trifonova-Genova, 2018). The proposed
expressions take into account the behaviour of the rock mass
over time.
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Fig.3. Diagrams of relative normal tangential stresses in the
layers at both ends of the considered time interval.

Conclusion

The calculations make the following advantages in solving
this class of tasks:

1. The method described in this article is very simple to be
implemented.

2. The method makes it possible to summarise many
layers. The solution described in the article is part of a
generalised methodology for calculating stresses in an array
consisting of many layers.
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