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ON STRESSES AROUND A TUNNEL PASSING THROUGH TWO ROCK LAYERS
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ABSTRACT: The article deals with the issue of determining the stresses around a circular tunnel. It passes through two rock layers. Each of them has an arbitrarily
located plane of isotropy. The boundary plane between them is inclined to the axis of the tunnel. Furthermore, the plane is parallel to the horizontal axis of the circular
cross-section of the tunnel. The specified class of tasks is solved with the complex potential theory and an approach from the mechanics of layered media. The
expressions for the stresses in the two layers have been derived.
The results are applied to a real rock mass consisting of two transversely isotropic layers. The stresses at points of the circular section of the tunnel in the two layers
were obtained. Two tangential normal stress diagrams are given.
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BBbPXY HANPEXEHWUA OKONO TYHEN NPEMUHABALL, NMPE3 IBA CKAITHU MINACTA
Buonema TpugpoHoea-I'eHosa, lepeaHa ToHKo8a
MurHo-eeonoxku yHusepcumem "Ce. Mear Puncku”, 1700 Cogpust.

PE3IOME: B cratusTa ce pasrnexga Bbnpoca 3a OnpefensHe Ha HanpexeHnsTa okono Kpbrbn TyHen. Toil npemuHaBa npes ABa Ckanhu nnacta. Beekn ot tax
npuTeXaBa MPOM3BOMHO Pa3MONOXeHa paBHWHA Ha M30Tponus. paHM4YHaTa paBHUHA MEXOy NnacToBeTe e HakMoHeHa CnpsMo octa Ha TyHena. OcseH ToBa,
paBHWHaTa e YCropeAHa Ha XOpM3oHTanHaTa OC Ha KPBroBOTO HAMPEYHO CeYeHne Ha TyHena. YkasaHWST Knac 3aauv ce peluasa C KOMNIeKCHa NoTeHLuanHa Teopus
11 NOAXOA OT MeXaHuka Ha HanmnactenuTe cpeau. MonyyeHn ca u3pasuTe 3a HanNpexeHusTa B 4Bata nnacra.
Pesyntatute ca npunoxexu 3a peaneH ckaneH Macys, CbCTOSLL, Ce OT ABa TPAHCBEP3AmHO M30TPOMHN nnacTa. MonyyeHn ca HanpexeHusiTa B TOYKM OT KPbroBOTO
ceyeHve Ha TyHena B ABaTa nnacta. [lafenu ca e anarpammn Ha TaHreHLManHuTe HopManHi HanpexeHns.

KniouoBu AYMU: KOMNMEKCHa NoTeHUManHa Teopus, MexaHuka Ha HannacTeHuTe cpeaun, TyHen.

Introduction axis of the tunnel. Moreover, it is parallel to the horizontal axis
of the tunnel cross-section. This plane divides the cube into two

In general, the earth mass is an environment consisting of parts. Each part has a plane of isotropy that is randomly located

different layers. Each of them has different physical and relative to the sides of the cube.

technical properties. They are different in the layering plane and

in a direction perpendicular to it. The stresses in the vicinity of a 2. Method for determination of stresses

tunnel driven into the rock mass are determined by the methods The following three-stage approach is used to determine the

of mechanics of layered media and the complex potential theory stresses in each layer:

(Mishkelishvili, 1953; Lu et al., 2024). During the first stage, layers with different characteristics in
Solutions to problems in which the boundary planes the plane of isotropy and in a direction perpendicular to it are

between layers are parallel to the tunnel axis are described in replaced by layers that are isotropic.

(Tifonova-Genova et al., 2023). These tasks are of two types.

The first type covers tasks in which the rock mass consists of f [ e

thin and parallel layers. In the second type of task, the layers M 714

around the tunnel are steep and thick. In the article cited above,
a method for determining the stresses in a rock mass consisting
of two isotropic layers is proposed. The boundary plane between
them is inclined to the axis of the tunnel and parallel to the
horizontal axis of its cross section.

The present work aims to extend the method described
above. Each layer has a plane of isotropy arbitrarily located
relative to the boundary plane.

Methods

1. Formulation of the problem

A horizontal circular tunnel with a radius R is driven at a
great depth H . It goes through two layers.

Part of the rock massif around the tunnel is considered,
which has the shape of a cube (Fig.1). The stresses on the walls
of the cube are equal to the stresses in the undisturbed rock
mass. The boundary plane between the layers is inclined to the

Fig. 1. A tunnel passing through two layers

The mechanical characteristics of these layers are
determined in two ways. According to the first way (Kurleniya et
al., 1983), these characteristics are:
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Here El(m) is Young’s modulus and ,ul(m) is Poison’s ratio in
the plane of isotropy by layer m (m=1,2). In a plane
perpendicular to this plane the characteristics are Eém) and
(m)

Hy
The second way to determine the mechanical
characteristics in isotropic layers is given in (Marino et al., 1972):
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These formulae are applied for a specific rock mass in (Tonon
etal., 2003).

In the second stage, the isotropic layers are replaced by an
equivalent uniform homogeneous isotropic layer. It has the
following characteristics (Trifonova-Genova, 1991):

(2)

The characteristics involved in these expressions are

(m)

forlayer m1: ¥ - volumetric weight;

E™ . Young’s modulus:

,u(m) - Poison’s ration;

()

in the uniform medium: " - volumetric weight;

EY. Young’s modulus;
,U(o)

) _side pressure coefficient.
In dependencies (3), the volumes of the layers are
determined by the following expression:

- Poison’s ration;

v, = 72[11(’”) +Z§'”)}2 s m=1+2. 4)

To determine the stresses in the uniform layer, the
calculation scheme is drawn up. It is a square with a side 12 R

(Fig. 2). The vertical load on the square is O = y(o)H , but

/I(O)Q is the horizontal load. The stresses in the medium are

plotted in a polar coordinate system (Oré). Angle € is
measured from axis Z to axis x . The radius vector of a point

from the centeris 7.
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Fig. 2. Calculation scheme

In the third stage, the uniform isotropic medium is replaced
by a layered medium. The stresses in each layer are determined
by two conditions. The first condition describes the balance of
forces, and the second equalises the relative deformations of
the contact between the two layers. This results in a system of
four equations (Trifonova-Genova et al., 2023). Along the
contour of the opening, this system acquires the form:

(5)

O'((,])Vl + O'l(gz)V2 =o,V,

ezaéz) —elaél) =0,

where
(m) P (m)
o 98T 1 ]
e, =ay —— o3 % T 4 T4 =
1 a§3) (m) E™
m=1,2; k=1,2

From the solution of (5), the stresses in the two layers are
obtained:

eV . eV
GS) =2T0'é), O'éz) ='T0'é),

(6)

where
A=V, +V,e,.

The tangential normal stresses in the generalised isotropic
medium have the form:

o, = —Q(ag’1 —0,, 08 2:9), (7)

where
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0-9,1:2/11; 0'9,2:422; A=

3. Numerical example
A tunnel with a circular cross-section (R = 1,5m ) crosses
two transversely isotropic layers (Fig. 1). It was driven to a depth

of H=300m_ The Young's modulus and the Poison’s ratio
in the layers are given in table 1.

Table 1. Characteristics of transversely isotropic layers

n R [ B[ A
multiplier 108 108
unit MPa MPa

1 0.17 0.113 0.1091 | 0.2834

2 0.8601 0.2867 0.1623 0.502

Characteristics of the uniform isotropic layers according to
(1) and characteristics of the uniform medium according to (3)
were calculated. These parameters and bulk weights are listed

in Table 2.
Table 2. Characteristics of uniform layers and uniform media
m E(m) lu(m) }/(m)
multiplier 108 102
unit MPa MN/m3
1 0.148 0.15 0.28
2 0.595 0.237 0.25
0 0.416 0.202 0.262

The dimensions of the layers are given in Table 3.

Table 3. Layer sizes

i h L,
multiplier

Unit m m

1 54 9.0

2 12.6 9.0

The normal tangential stresses in two layers, aﬁ,‘)

o)

and

o are determined according to (6). The diagrams of these

stresses are symmetrical around the vertical and horizontal axis
of the circular cross-section of the tunnel. The results are
referred to the stress in the undisturbed medium¢@. These

stresses are calculated for seven first quadrant points and are
listed in Table 4.

Figure 3 shows the normal tangential stress diagrams
around the hole. Number 1 indicates the stresses diagram in
layer 1, and number 2 - those in layer 2.

From the graphs obtained, the maximum difference between
the stresses in the layers can be seen. For points on the
horizontal axis, this difference is 2.955 or 3, and for points on
the vertical axis, it is 0.143. This is related to the larger values
of the modulus of linear deformation in the second layer
compared to the first layer. The ratio of the Young’s modulus of
the layers in the plane of isotropy is 5.06, and in the direction
perpendicular to it, it is 2.54.
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Table 4. Normal tangential stresses in layers

S I I R e e i,
1 0 0.0452 0.1881
2 15 -0.0205 -0.0854
3 30 -0.1999 -0.8324
4 45 -0.4450 -1.8528
5 60 -0.6901 -2.8733
6 75 -0.8695 -3.6202
7 90 -0.9352 -3.8937

Fig. 3. Diagrams of normal tangential stresses for layers 1 and 2

4. Key findings

The approach described in the work is applied to rock mass
with randomly located planes of isotropy relative to the boundary
plane. The method is easy to apply and requires the use of
popular computing tools such as spreadsheets (Harvey, 2018).

The analytical expressions for the stresses in each layer (6)
are applied when the ratio of Young's moduli in the layers is less
than or equal to 2. For a ratio greater than 2, it is recommended
to use the finite element numerical method (Podgdrski, 2018).
The task is spatial and a tetrahedral element is used.

This method is recommended to be used by engineers in
pre-project design.

Conclusion

The research carried out can be extended in the following
directions:

1. The method 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 layers with time-varying deformations.

3. This method can be applied to a tunnel with a square,
rectangular, and non-circular cross-section passing through two
layers. The analytical expressions for the stresses in each layer
are expressed by the known expressions for the stresses at
points in the vicinity of the tunnel with different cross-sections
(Kargar et al., 2014; Lu et al., 2014; Zhao et al., 2015).
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