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STRESSES IN A TRANSVERSAL ISOTROPIC ROCK MASS DUE TO DRIVING A MINE
GALLERY

Malina Ivanova
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ABSTRACT: A horizontal underground mining gallery is excavated in a transversely isotropic rock mass. It has a plane of isotropy inclined to the axis of production.
The gallery has a circular cross-section. The stresses around the opening are determined by the complex potential theory. The behaviour of the rock mass is described
by a partial differential equation as a function of the stresses. It depends on the roots of the characteristic equation. The coefficients in the characteristic equation are
defined for a real rock mass. Its roots are the complex numbers. They are involved in the stress function variables and in the expressions for the stresses at points of
the opening.
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HANPEXEHWA B TPAHCBEP3AINHO-U30TPOMNEH CKANEH MACUB BCNEOQCTBUE NPOKAPBAHE HA MUHHA FANEPUA
Manuxa UeaHoea
MurHo-eeonoxku yHueepcumem ,Ca. MeaH Puncku®, 1700 Cogpusi

PE3IOME. Xopw3oHTanHa Nof3eMHa MWHHA ranepusi € npokonaHa B TPaHCBEP3anHO-M30TPONEH CkareH MacvB. TOW MpuTexaBa HakMoOHeHa CMpsMO OCTa Ha
n3paboTkaTa paBHUHA Ha M30TpoNKs. [anepusiTa Ma KPbroBO HanpeyHo ceyeHre. HanpexernsiTa OKono 0TBOpa Ce OMpeAensT C KOMMMEKCHa NoTeHLManHa Teopus.
[NoBefeHMeTo Ha CkanHus MaciB Ce OMUCBa C YacTHO AudepeHLManHo ypaBHeHe Ha (yHKUMSA Ha HanpexeHusTa. TS 3aBUCK OT KOPEHUTE Ha XapaKTepUCTUYHOTO
ypaBHeHue. 3a pearneH ckaneH Macus ca onpefenern KoethuLMEHTUTE B XapaKTEPUCTUYHOTO ypaBHEHWe. HerosuTe KopeHn ca KoMnmekcHUTe yucna. Te yyactsart B
NPOMEHMMBITE Ha PYHKLIMS HA HAMPEXEHNETO W B U3Pa3uTe 33 HAMPEXEHUATa B TOYKW OT OTBOpA.

Kniouosu AYMU. MWHHa ranepus, TpaHCBEP3anHO U30TPONEH CKaneH MacKB, KOMNNEKCHa NOTeHUManHa Teopua.

Introduction The behaviour of the rock mass is described by several
systems of equations. These are the condition of continuity of
Determining the stresses in the rock mass as a result of strains, the generalised Hooke's law giving the relationship
driving a mine gallery or tunnel is a major task faced by between stresses and strains, the expressions for the stresses
engineers. Its solution depends on the manifestation of expressed by the function F(xz). After uncomplicated
anisotropy and the shape of the cross section of the gallery. The mathematical operations, we arrive at a partial differential
behaviour of the rock mass is described by the partial quasi-bi- equation of the sixth order:
harmonic equation (Muskhelishvili, 1953; Savin, 1961; Lu et al.,
2024). The solution of this equation depends on the roots of the O°F O°F
characteristic equation. < tB, >+
Here, a rock mass having a plane of isotropy will be Ox Ox"0z
investigated. According to its location relative to the axis of the O°F o°F
gallery, three types of development are known. The first type B, pErE] + 5, Px3 =0, M

includes studies in which the plane of isotropy is horizontal or
vertical (Vucheva et al., 2023). The second type covers
developments in which the plane is inclined to the horizontal axis
of the cross section (Tonnon et al., 2003; Vucheva et al., 2020;
Trifonova-Genova et al.; 2022). The third type includes studies By =c,Ces, B, =CpCs5 +C0Ch —Clz 1
in which the plane is inclined to the axis of the work.

The aim of the present work is to compile the differential
equation of the field for the third case. Furthermore, the steps to Co = (2023 +cyy ); ¢, = (c25 + c46);
solve its characteristic equation are to be described.

where
. _ S
By =¢(Cs5 +C35C66 — 245 B, = ¢3;¢55 — G355

_ a,a; . 2923 6
c;=a;,———"1,j=23..6.
a,

Methods

Here, x and z are coordinates of a point from the

1. Formulation of the problem
P environment around the opening. The coefficients a, inthese

A mining gallery with a circular cross-section passes through

a transversely isotropic rock mass. Its plane of isotropy is formulae can be seen in the paper by Trifonova-Genova (2019).
inclined to the axis of gallery. They are expressed by Young's modulus, Poisson's ratios in the

plane of isotropy and in a direction perpendicular to it, and by
2. Differential equation the slope of the plane of isotropy @ (Fig.1).
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Fig.1. A horizontal circular gallery in a rock mass with an inclined
plane of isotropy

3. Characteristic equation
The general integral of equation (1) depends on the roots of
the characteristic equation:

Bls6 +st4 +B3s2 +B,=0.

(2)

This equation is an incomplete equation of the sixth degree.
After putting © = s° , equation (2) takes the form:

Bu’ +Bu’+Bu+B,=0. (3)
4. Roots of a characteristic equation

Equation (3) is divided by B, and the resulting equation
is:

w+ Au' + Au+A4,=0, (4)

where

B2

Bl

By
Bl

B4

_Bl_

4 =

1

A

) 2

Cardano's formula (Cardano’s method) is applied to
determine the roots of equation (4):

u, :S+T—§AI;

u, =l(S+T)—%A1 +%i\/§(S—T);

2
u, =1(S+T)—1Al —li\/g(S—T),
2 3 2
where
0= 3a, —al - g dmay =274, —2a} ;
9 9

SZW; szi
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D=0 +R>.

If D is positive, then one root of the characteristic equation
(4) is real, and both are complex conjugate numbers. The roots
are obtained from the expression:

s, =AJu, . j=123.

The remaining three roots are complex conjugated.

The resulting roots are involved in the expressions for the
stress functions and their derivatives. Through them, the
displacements and stresses in points of the opening of the mine
gallery are expressed, which are the subject of further work.

(6)

5. Numerical example
The rock mass has a plane of isotropy tilted at an angle

@ = 70° (Fig.1). For it, Young's modulus and Poisson's ratio
are E, =14510°N/m* and x4, =0,105. In a
direction perpendicular to this plane, the parameters are
E,=41,5.10°N/m> and u, =0,3. The shear

modulus in the same directionis G, = 8,24.10° N / m*.

The strain coefficients are given in (Vucheva et al., 2020).
The coefficients from (1) and the coefficients in the characteristic
equation (4) were calculated. The latter are given in the following
table:

Table 1. Coefficients in equation (4)
A2
2.1704

Al
24436

A3
0.5974

From (5), D is calculated: D = 0,002224 . The roots of
equation (4) and the roots of equation (2) are given in Table 2.

Table 2. Roots of equations (4) and (2)

u, u, U,
-0.4961 -0.6653+0.50605i -0.6653-0.50605i

S S, 3
0.7043i 0,2938+0.8612i 0.2938-0.8612i

5 5, 55
-0.7043i -0,2938+0.8612i -0.2938-0.8612i

6. Key findings

The approach described in the work for solving the
characteristic equation is applied to a rock mass with an isotropy
plane inclined to the axis of the gallery.

Conclusion

The resulting roots are involved in the complex variables of
the stress function F(x, z) from (1). It is a sum of two analytical
functions of complex variables. Through them, the stresses
surrounding crafting are expressed. Their expressions are a
sum of a real and an imaginary part. The expressions for the
stresses are obtained from this real part. When the stresses
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along the contour of the mining gallery are small, the engineer
guarantees the stability of the gallery.
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