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ON THE DETERMINATION OF THE FUNCTION FOR STRESS IN TRANSVERSALLY
ISOTROPIC ROCK MASS WITH ELLIPTIC OPENING
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ABSTRACT: The opening with form of ellipse is drawn in transversally isotropic rock mass. He owns the plane of isotropy, which is inclined. Stresses in the point of
the medium surrounding the opening are determined with complex function method. The conduit of rock mass in condition of plane strain is described with partial
differential equation. The main integral of this equation is function for stress. She depends by roots of characteristic equation. This equation is of fourth degree. To
determine the roots of equation are applied iterative method.

The characteristic equation and his complex roots are obtained for real rock mass. The roots take part in expressions of function for stress and for stresses in point on
opening.
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BBPXY ONPEAENAHE HA ®YHKLUATA 3A HANPEXEHWETO B TPAHCBEP3AITHO N3OTPOMEH MACKUB C ENMNTUYEH
OTBOP
Paiina By4esa Manuxa WsaHoea

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

PE3IOME: W3paGoTka ¢ popma Ha enunca e npokonaHa B TpaHCBEP3anHo M30TponeH Macue. Toii MpuTexasa paBHMHA Ha W30TPOMMS, KOATO € HaKMoHeHa.
HanpexeHusiTa B TOUKa OKOMO OTBOPA CE ONPeensT ¢ MeToAa Ha koMrnekcHa (hyHKLMA. TOBEAEHMETO Ha MacvBa B YCOBME HA paBHUHHA AedopMaLims ce onucea
C YacTHO AuchepeHuManHo ypasHeHue. OBLMST WHTErpan Ha TOBa ypasHeHMe € (DYHKUMS 3a HarpexeHueTo. TS 3aBMCU OT KOPEHWUTE Ha XapaKTepuUCTUYHOTO
ypaBHeHue. MocneaHoTo e OT YeTBbPTA CTeNneH, 3a onpefensHe Ha KOPEHUTE Ha YPaBHEHUETO Ce Npumnara UTepaTseH METoA.

3a peaneH MacyB ca OnpeaeneHn xapakTePUCTYHOTO YPaBHEHUE U KOMNIIEKCHUTE My KopeHu. MocrieHuTe yyacTsaT B M3paau 3a (yHKLMS 3a HANPEXEeHWeTo 1 3a
HanpeXeHUsTa B TOYKW OT OTBOpA.

KntoyoBu aymu: enuntuiHa M3p660TKa, TpaHCBEP3anHO U30TPOMEH MACcB, aHaNUTUYHO PELLEHNe, METOA Ha KOMMIEKCHa (YHKLNS.

Introduction
D,D,D,D,(F)=0 (1)
The distribution of stresses in rock mass around the
opening is problem, solved by analytical, numerical, geological
and surveying methods. Between analytical methods, the most
applying is complex variable method. The rock mass is
modulated by isotropic medium. The relation between the
stresses and strains are linear.

and the boundary conditions of the contour of the opening .

The symbol in (1) D, (k=1, 2, 3, 4) notes with the operator

In this research the transversally isotropic rock mass is 0 0
examined. For her it will be applied the algorithm for Dy :__Ska_’ (2)
determining the function for stresses. oy X

Here S, are the roots of characteristic equation:

Methods
4 3 2
Formulation of the problem b,s" —20,:5” +b;,5" — 20,5 +by; =0, (3)
The elliptic opening is drawn in rock mass with the plane of
isotropy. She is inclined by angle ¢ to horizontal axis (fig.1). where

The stresses, the strains and the displacements are expressed

by the function for stresses: F(X, y). She depends of the by; = (2b13 + bss)-
coordinates X and Y of the point of the medium around the

opening. This function fulfills the partial differential equation:
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Fig.1. Horizontal elliptic opening in rock mass with inclined plane
of isotropy

The coefficients in this equation can be seen in (Ivanova et
al., 2018; Trifonova-Genova, 2019). The equation (3) can be
written as:

s*+AS*+AS*+As+A =0, @)

where
_ 2, A= 2b,, + b, A - —2b,,
bll bll bll
b33

By the algorithm given in (Ivanova et al., 2018), equation
(4) is replaced with multiplication of two polynomials of the
second degree:

(52 +ells+e10)(s2 +e21s+e20):0, (5)

where

e, =B +C, elO:BO+C0, e, =B-C,,
€, =B, —C,.

The expressions above are given in recommended source.
The roots of (5) are:

S; =a; +ip;, (6)

where | is animaginary unit and j=1,2.

Numerical example
The rock mass has the plane of isotropy, inclined by angle

@=70° (fig. 1). For this plane Young’s modulus is

E, =14510°N/m? and Poisson's ration s
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44, =0,105. In the direction perpendicular to this plane the
parameters are: E, =41,5.10°N /m?, x4, =0,3.In
the same  direction the shear modulus s
G, = 8,24.10° N / m?. When calculating the coefficients
of polynomials (5), an accuracy equal to: &, =1% s

assumed.
The elements of matrix A are calculated using formulas
presented in (Trifonova-Genova, 2019):

[A]le‘S{a?ll a.iz]

a'21 a22
where
[ 3,8193 —-19117 -—2,6838
a1'1= -19117 6,8966 —0,8814|;
| —2,6838 -0,8814 7,2566
[0 19117 0
aiz: 0 08645 O;
|0 06748 0O
0 0 0
a'21= 1,2094 0,8645 1,6748|;
| 0 0 0
(14,9207 0 0,8811
a'22= 0 10,0405 0
| 0,8811 0 12,8206

The coefficients of equation (3) are obtained by formulas
given in above literary source:

b,, =3,2894.10°%;
b,, = 7,144.10°°;
by, =9,9321.10°°.

b, =—4,3688.10°
b, =1,5644.10";

The coefficients in equation (4) are presented in the
following table:

Table 1. Coefficients in characteristic equation

Ay A A; A
2,1718 -0,9512 0,3631 -0,8810
By the first two step of algorithm, described in (Trifonova-
Genova, 2018) are obtained: D, =—0,08455,
D, =147371.

The third step includes the subroutine for calculating: B .
She compounded of two parts. Since the coefficient D, is

smaller than the coefficient: D, , the required coefficient B,
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is determined by the second part. Its value is final after the
second iteration.

The modulus of C, and C, and their multiplication are
obtained according to fourth step of algorithm. The
multiplication is negative. For that the coefficient C,, has plus
sign and C, - minus sign.

The coefficients in two polynomials of equation (5) are
calculated following fifth step. The results of last three steps
are given in following table:

Table 2. Coefficients in equation (5)

B, B, C, C,
1,4774 -0,4405 -0,1043 1,6690
€ €, €5 €1
1,3731 1,2285 1,5817 -2,1095

The determination of the roots of characteristic equation (5)
is the last step of algorithm. These roots are:

s, =—0,6143+i0,9979, s, =1,0548+i0,73,
s, = —0,6143 —i0,9979 , s, =1,0548—i0,73.
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Conclusion

The obtained roots participated in the function for stresses
F(x, y) of (1). This function is compounded by two

functions of complex variables (Trifonova-Genova, 2018). By
them the stresses on contour of elliptic opening are obtained.
When the stress values are small, the stability of the opening is
guaranteed.
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