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ABSTRACT: This article discusses the question of analytical determining the stresses and strains around opening. Its cross section is an ellipse. The rock mass has
inclined plane of isotropy. This class of plane tasks is solved by complex function method. The behavior surrounding the opening is described by differential equation
of function for stresses. This function is represented by two functions of complex variables. They took part in expressions of stresses and strains in the point of
examined medium.

The expressions of complex functions in condition for plane strain are given on contour of the opening. The analytical expressions of stresses and strains are
presented in points on contour of opening. These expressions are written in natural and orthogonal coordinates systems.
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HANPErHATO U E®OPMUPAHO CbCTOAHUE OKONO ENUNTUYHA U3PABOTKA B TPAHCBEP3AJTHO U3OTPOMEH
MACUB - 2

Paiina By4esa, Buonema Tpughorosa - 'eHosa

MurHo-eeonoxku yHusepcumem ,Cs. MeaH Puncku®, 1700 Cogpus

PE3IOME: Tasu cTatus ce pasrnexaa BbNpochT 3a aHanMTUYHO OMpeaensHe Ha HanpexeHusTa v fedopmaLuute okono uapabotka. HeitHOTO HanpeyHo ceyeHue e
enunca. MacvebT NpuTexaBa HaknoHeHa paBHUHA Ha M30TPONKS. TO3M BUG PABHUHHM 3afauM Ce peluaBaT ¢ MeTofa Ha KOMNMeKcHa dyHKLms. OKOMHOCTTa Koo
0TBOpA Ce ONUCBa C AUGEPEHLMATHO YpaBHeHUe Ha (YHKLMA 3a HanpexeHreTo. TS e NpeAcTaBeHa NoCPeacTBOM ABe (YHKLMM Ha KOMMMEKCHW npoMeHnmen. Te
yJacTear B U3pa3uTe 3a HanpexeHusiTa 1 edopMaLunTe B TOUKa OT pasrnexaaHata obnacr.

Mo KoHTypa Ha OTBOpa Ca [afeHu M3pasuTe 3a KOMMMEKCHUTE (DYHKUMW B YCTIOBME Ha paBHUHHA fedopMmauns. peacTaBeHu ca aHanuTUYHUTE W3pasn 3a
HanpexeHusTa u AeopmaLuuTe B TOUKM OT KOHTYpa Ha 0TBOpa. Tean U3pa3u ca 3anucaHy B eCTECTBEHA U eKapTOBa KOOPAMHATHU CUCTEMMU.

KntoyoBu aymu: enuntuiHa M3p660TKa, TpaHCcBEP3anHo U30TPOMEH MAacyB, aHaNUTUYHO PeLUeHe, METO Ha KOMMNeKcHa tyHKLmus

Introduction The refinement of these models and methods for
determination of stresses and displacements around opening
The behavior of the rocks is influenced by the mechanical is the goal of researchers. The opening may be close to the
properties when underground  construction works are earth’s surface or at a considerable depth.
performed and materials are extracted. These properties In this article elastic model of theory of elasticity is used.
describes by mechanical models. They idealize the rock mass. The stresses and the strains are related by linear dependence
In each of the models only basic essential properties are for transversally isotropic rock mass. The mechanical
reflected. Depending on the properties of the rock mass and properties of medium are the same in the plane of isotropy and
the nature of the processes, different theories are applied. The are different in direction, perpendicular to her.

theory of elasticity is used here. She applies the following
models of rock mass (Bulichev, 1984): elastic, viscosoelastic,

elastoplastic ~ nonhomogeneous,  viscosoplastic ~ and Methods
elastoplastic model and etc.

The rock mass has natural empty space and fissure. It is Formulation of the problem
considered as a system of macro blocks. The relations of the Horizontal opening in the shape of an ellipse is drawn at a
contact between them are destroyed. Then the rock mass is great depth H (fig.1). The rock mass has inclined plane of
modulated as stochastic medium. For her two group models isotropy. This plane forms an angle ¢ with the horizontal axis.

are typical (Vulkov, 2016): linear and nonlinear. The first group - - -
includes: parabolic (Trifonova, 2008; 2010), hyperbolic, elliptic rTOhCT( mgi E;;h\foﬁ’ﬁ;':gv'vseéh‘t’ j‘/”d the height is: 2B . The

and generalizing model. The second group encloses: nonlinear
model of Litwiniszyn, nonlinear parabolic model (Vulkov, 1987-
88), nonlinear hyperbolic and nonlinear generalizing model.
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Fig.1. Horizontal elliptical opening in rock mass with inclined
plane of isotropy

Stresses in natural coordinate system

The stresses are the sum of stresses in indestructible rock
mass and the supplemental stresses that take into account the
influence of the opening:

c,=0+0,; 0,=0.+0,, T =T +7,. (1)
The stresses in indestructible rock mass are given in
(Trifonova-Genova, 2019). The supplemental stresses have

the form:

1)(:12 +(DI2(22)C22];
21)C§ + q)'z(zz)cf ];
21)C1C3 + q)lz(zz )C2C4]-

é Re[®)(z
0 = = Relo(

CERe[CD'l(

0

where

c, =asin’t+bcos’t; ¢, =s,asint+bcost;
c, =s,asint+bcost;c, =asint—sbcost;
c, =asint—s,bcost.

In these expressions S, and S, are roots of the
characteristic equation given in (lvanova et al., 2018):
S; :aj+i,8j. (3)
Here I isimaginary unit and j=1,2.

The parameter t in the trigonometric dependencies in (2) is

related to the polar angle €@ by means of the relation
(Trifonova-Genova, 2019) (fig. 2):

a
tgt =—196. 4
g bg ()
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Fig.2. Contour stresses in natural coordinate system

The area occupied by the rock mass around the elliptical
opening is transformed into the outer region of a unit circle.
The functions of the complex variables from (1) along the
contour of this circle have the form:

®2(22) =

According to the method, described in (Minchev, 1960), the
coefficients in (5) are:

B
—. (5)

(Dl(zl) = o

it ’

A=A, +iA,; B =B, +iB,, (6)
where
Aald, —4,8,); A, = Ab(A, —2.s,);
a(2“y51 A )3 B, = A01b( rsl_ﬂ’x);
A)l = 015Q(52 S1) l' 7’H :

The expressions for the coefficients A, , ﬂ,y, A, are given in

(Trifonova-Genova, 2019).
Expressions (6) are replaced by (5). The first derived of
functions (5) are replaced by (1). The contour stresses are:

o, at+—Re{ Al 3+. cf}

c e'c, e''c,

where

c;=asint+sbcost; c,=asint+s,bcost.
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Stresses in orthogonal coordinate system

Formulas are used to transform stresses from natural to
orthogonal coordinates given in (Trifonova-Genova, 2019). The
stresses in orthogonal coordinate system on the contour of the
opening are (fig.3):

Al
=—0,,0
X t?

A Y

AZ
=—=0,;T

A

loj =—0,,
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Xy

where
A = c% A, +sin?(2t)a%%A, |

2
A, = % 0,507 sin(2t)— A, sint].

. b? :
Ar=5 0,582 sin?(2t)+ A, cos?t]:

ab sin
C3

A, = (2t)A,; A, =h?cos®t—a’sin’t ;
A =b*cos’t+a’sin*t;
¢, =b*cos't—a’sin“t;c=b*cos’t+a’sin’t.

In expressions for stresses in the top expressions
participate the tangential normal stresses of (7).
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Fig.3. Contour stresses in orthogonal coordinate system

Strains
The strains on contour of the opening in natural coordinate
system are:

&, =b,0; 6 = )

D;30, ; Vi = D350,

The stresses on contour of the opening in orthogonal
coordinate system are:
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o . . .
&y = Xt (bllAl +bA, + b15A3);

o, . , ,
&, = Xt (bl3A1 +bg,A, + b35A3);

o, . . .
Ve = Xt (b15A1 +0g5A, + bssAa)-

The expressions of the strains of (9) and (10) involve the
tangential normal stress. The coefficients with small letters in
these expressions are given in (lvanova et al., 2018), and
those with capital letters are presented in (8).

Conclusion

The analytical expressions for stresses and strains, given
in this paper, are applied to elliptical opening. It is drawn in a
transversally isotropic rock mass. These expressions will write
to detail. That will permit the numerical determination of
stresses and strains.

These results should correspond to the strains observed in
the rock mass. Theoretical studies (formulations) can be
compared with other methods used to track strains. Modern
photogrammetric methods are suitable for such purposes. In
abroad and in Bulgaria there are developments related to the
creation of numerical models in underground mines, using
digital photogrammetry (Gospodinova, 2019; Gospodinova et
al., 2018). These methods are not vector but tensor
descriptions of geometric changes that give a better idea of the
rock movements and the potential danger to the integrity of the
rock. It may be interesting in the future to conduct a study
related to the application of digital photogrammetry to track the
strains, after then compare the results with the analytically
determined stresses and strains along the contour of the
opening.
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