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STRESSES AROUND A HORIZONTAL CIRCULAR OPENING PASSING THROUGH TWO
ISOTROPIC LAYERS
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ABSTRACT: The article examines the question of determining the stresses in a layered rock mass around a horizontal circular opening. The rock mass consists of
homogeneous isotropic layers. The boundary planes between them are steeply inclined relative to the axis of the opening. Moreover, they are parallel to the horizontal
axis of its cross-section. The influence of the stresses due to pushing the opening extends into the cubic domain. The specified class of tasks is solved with the complex
potential theory and an approach from the mechanics of layered media.

The two layers in the rock mass are replaced by an equivalent layer. The expressions for its physical and technical characteristics and for the stresses on the excavation
boundary are given for it. The expressions for the stresses in the layers are derived.

The results are applied to a real rock mass. The physical and technical constants in the equivalent rock mass were calculated. The stresses in both the equivalent rock
mass and the two layers were obtained. Three tangential normal stress diagrams for points on the excavation boundary are given. The first diagram shows the stresses
in the equivalent rock mass. The stresses in the two layers are shown in the second and third diagrams.

Key words: complex potential theory, mechanics of layered media.

HAMNPEXEHWA OKONO XOPU3OHTAINHA KPbIrOBA U3PABOTKA, MPEMUHABALLIA MPE3 ABA U30TPOMHU NNACTA
Buonema TpuchoHoea-I'eHoga, epeaHa ToHKO8a-
MurHo-eeonoxku yHusepcumem "Cs. Mear Puncku”, 1700 Cogpus

PE3IOME: B cratusTa ce pasrnexna Bbnpoca 3a onpefenaHe Ha HanpexeHnaTa B HannacTeH MacuB OKONO XOPM30HTanNHa Kpbrosa M3pa60TKa. MacuebT ce cbeTom
OT XOMOTE€HHW M30TPOMHKU nnacta. [paHuyHUTE paBHUHM Mexay TaX Ca CTPbMHO HaKIOHEeHW CnpaMO OCTa Ha M3pa6OTKaTa. OcBeH TOBa Te ca ycnopeaHu Ha
XOpWU30HTanHata oc Ha HEHOTO Hanpe4yHoTOo ceYveHue. BnmsxmeTo Ha HanpexeHudaTa, AbMKally ce Ha NPOKapBaHeTOo Ha Vl3p860TKaTa, ce npoctupaB Ky6VI‘-lHa obnacr.
Ykas3aHuAT knac 3agaum ce peLuaBa C KOMNMeKCHa NoTeHLUanHa Teopua U noaxon OT MeXaHuKa Ha HannacteHuTe cpeaun.

[lBaTa nnacta B MacvBa Ce 3aMEHSIT C eKBMBANIEHTEH NNACT. 3a Hero ca AafeHu uspasute 3a (bMSVI“IeCKVITe N TEXHUYECKUTE MY XapaKTEPUCTUKM U 3a HanpexeHnATa
OKOMo oTBOpa. M3Beaenu ca n3pasnTe 3a HanpexeHuaTa B NacToseTe.

PeGyﬂTaTVITe Ca NpUnoxeHu 3a peaneH MacuBe. Maumncnenm ca (*)I/ISVNecKI/ITe N TeXHWYECKN KOHCTAHTU B €KBNBANEHTHUS MacuB. ﬂOﬂyquI/I Ca HanpexeHnsaTa Kakto B
€KBMBANEHTHWS! MacuB, Taka W B BaTa nnacta. [lagexu ca TpY Anarpami Ha TaHreHuuanHuTe HopManHu HanpeXxeHna 3a TOYKK Mo rpaHnLaTta Ha u3kona oT KOHTypa
Ha M3pa60TKaTa. Ha nbpBaTta guarpama ca npeactaBeHn HanpexeHnaTa B eKBUBANEHTHUA MacuB. Hal'lpe)KeHMﬂTa B [iBaTta nnacta ca M306p836HM Ha BTOpaTa u
TpeTaTa guarpamu.

KniouoBu AYMU: KOMNeKCHa NoTeHLManHa Teopus, MeXaHuka Ha HannacteHnTe cpeau.

Introduction axis, the authors have proposed solutions in previous works
(Trifonova-Genova, 2018a, 2018b; Trifonova-Genova et al.,
2022).

The aim of the present work is to expand the described
cases of layer placement. Cases will be considered where the
boundary planes of the layers are inclined to the axis of
fabrication and parallel to the horizontal axis of the cross-section
of the hole.

Modern horizontal opening often cross inclined strata. Each
of these layers has different physical and technical
characteristics. This non-uniformity of the medium is accounted
for by methods for solving layered linearly deformed media. On
the other hand, the stress state around the opening is
determined by complex potential theory (Muskhelishvili, 1953;
Bulichev, 1982).

Solutions are known for two types of layer placement cases.
In the first case, the layers are parallel and thin, and in the Methods
second case, they are steep and thick. For the first type of

problems, there are solutions in the plane-strained and 1. Formulation of the problem

generalised plane-strained state (Trifonova-Genova, 2012; A horizontal circular opening with a radius R has been
2016; 2017). When the medium consists of steep and thick driven to a great depth H . A part of it passing through isotropic
layers with boundary planes that are parallel to the fabrication layers given in Figure 1 and Figure 2 is considered. The
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influence of the hole extends to the stresses in the array
encloses a cube of side equal to 12R .

Fig.2 Opening going through three layers

2. Method for determining voltages stresses

The following two-stage approach is used to determine the
stresses in each layer.

In the first stage, the isotropic layers are replaced by an
equivalent uniform homogeneous isotropic layer. It has the
following characteristics (Trifonova-Genova, 1991):
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Here, the characteristics for layer K are: ¥+ is volumetric

weight, E(k) is Young’s modulus, ,u(k) is Poison’s ratio. In the

homogeneous isotropic layer, the characteristics are: 7/(°) is

volumetric weight, EY s Young’s modulus, ,u(")

ratio. The total number of layers is N . For figure 1, this number
is 2, and for figure 2 it is 3.

is Poison’s

In dependencies (1), the volumes of the layers are
determined by the following expression:

V, =721 +199]2; k=1+n. 2)
To determine the stresses in the uniform layer, an area

around the hole shaped of a square of size 12R is used

(Fig.3). The vertical load on the calculation scheme is Q , and

/1(°)Q is the horizontal load. The stresses in the medium are

plotted in a polar coordinates system (Ol’t9 ). An angle 0 is
measured from axis to axis Z to axis X. The radius vector of
a point from the field is I .
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Fig.3 Calculation scheme

In the second stage, the stresses in each layer of two
conditions are determined. The first condition describes the
balance of forces, and the second equalises the relative
deformations of the contact between the two layers. For a rock
mass consisting of two layers, the conditions are (Trifonova-
Genova, 2012):

O'El)\/1 + 0'52)\/2 = bl ; (3)
oV, + oV, =

ﬁﬁ%qﬁ % % ,
ﬁﬁ”%ﬁ+q ~alol =b,,

where

b= b~V by =allel) ~aflof

Here, '™, o™, and o™ are the radial, tangential normal
stresses and the stresses along the axis of production in layer
m, but o] and o, are the radial and tangential normal

stresses in an isotropic generalised medium.
The deformation along the axis of opening is zero, from
where
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Substitute (4) into (3) and obtain:
oW, + oV, =

oV, + o'V, = oV
ezai ) 31‘75 )+ e40'§ ) egaél) =0:
64052) - esaﬁl) + eza[(f) - ela[(,l) =0.

The following notations are adopted in these expressions:
[am ]

=afl) - i B = ay) - [a“]-
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(6)
For an isotropic medium, the deformation coefficients in the
above expressions are:
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The stresses in the equivalent generalised isotropic medium
in expressions (3) and (5) have the form given in (Muskhelishvili,
1953; Bulichev, 1982; Parachkevov, 1969):

= —Q(aa1 — 0, COS 20);
o7 = —Q(Gr,1 +0,,C0S 29),
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The solution of system (5) is performed by the Gaussian
method (Petrova-Deneva et al., 1977). Thus, the stresses at a
point in the rock mass are obtained. For practice, the stresses
along the hole contour are of interest. Since the radial and
tangential stresses are zero, system (5) takes the form:

oV, + N, = oV
ezaé)—eloé):o.

From the solution of (9), the stresses in the two layers are
obtained:

©)
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A=Ve, +V,e. (10)
The tangential normal stresses in the generalised isotropic
medium are obtained from (8) at ' = R and have the form:

o2 =—Qlo,,-0,,c0526). (1)

where:
Op1= 24,; Oyp2 =44,.

3. Numerical example
A horizontal circular opening with radius R =1,5m is

considered. Itis driven at a depth of H =300Mm and crosses
two thin isotropic layers (Fig.1). The Young’'s modulus, Poison’s
ratio,and the bulk weights in the layers are given in Table 1. The
sizes and volumes of the layers are given in Table 2. The
characteristics of the equivalent uniform isotropic layer are
obtained from equation (1). The results are shown in the last row

of Table 1.

Table 1. Characteristics of strata and homogeneous medium

k E(k) ,u(k) y(k)
multiplier 103 10-2
Dimension MPa MN/m?3

1 0.148 0.15 0.28

2 0.595 0.237 0.25

0 0.416 0.202 0.262

Table 2. Sizes and volumes of layers

' 1, 1, Vi
Dimension m m m3

1 3.6 5.0 1393.2

2 12.0 5.0 2754.0

Vo 5832.0

The normal tangential stresses in the uniform medium are
obtained according to (11) for seven points of the first quadrant.
This diagram is symmetrical about the vertical and horizontal

axis of the circular section. The stresses in two layers o

of!

@)

are determined according to (10). The results are referred

to the stress in the undisturbed medium Q and are given in the
third, fourth and fifth columns of Table 3.

Table 3. Normal tangential stresses in the layers and in the
equivalent uniform medium

o] | oR1Q | eWiQ | 6?1Q
1 0 -0.131 -0.045 -0.189
2 15 0.059 0.02 0.085
3 30 0.579 0.2 0.832
4 45 1.290 0.445 1.853
5 60 2.0 0.69 2.873
6 75 2.520 0.869 3.620
7 90 2.710 0.935 3.894

and
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The normal tangential stress diagrams around the hole are
plotted in Figure 4. Number 1 denotes the stress diagram in the
uniform isotropic medium, numbers 2 and 3 - the stress
diagrams in layer 1 and layer 2.

Fig4 Diagrams of normal tangential stresses for the
uniform medium and for layers 1 and 2

From the graphs obtained, the maximum difference between
the stresses in the layers and in the uniform medium can be
analysed. For layer 1, this difference is 65.4% smaller and for
layer 2 — 30.4% larger. It can be seen from the table and figure
that the stresses in layer 2 are greater than those in layer 1. This
is related to the larger value of the modulus of linear deformation
in the second layer. The ratio of the modules of linear
deformation of the layers is 4.16.

4. Key findings

The obtained analytical expressions for the stresses in each
layer are applied:

a) when the inclination of the boundary plane relative to the axis
of the horizontal construction is greater than half a right angle;
b) when the ratio of the linear strain moduli is greater than 2.

Conclusion

The following guidelines for future work are established from
the research done:

1. The approach for determining the stresses in an array
consisting of two layers can be generalised for more layers.

2. The solution for the described class of problems can be
applied to transversely isotropic layers.
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