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Stress Distributions Around Two Adjoining Circular Tunnels Under Three-Dimensional Stress State

Ken-ichi Hirashima
Dept. of Civil Engineering, Yamanashi University

Masayasu Hisatake

Graduate Student of Kobe University
1. Introduction

For plane problem with two circular holes, some methods of analyses such as bipolar coordinates method,

complex variable method with combined to point matching technique and so on have been used to obtain the
solution of stresses and deformations around the holes. We use the solution of bipolar coorQinates for the
case of two adjoining circular openings under two-dimensional (i.e. plane) loads a, Gﬁ and qﬁ% at infinity,
and extend this solution to antiplane problem such as longitudinal loads 72; and ’f;: at infinity.
Combining with these solutions, the present paper describes the closed solution for the case of an infinite
elastic medium containing two adjoining circular tunnels, when the loads apply at infinity with three-

dimensional stress state.

2. Solution for Antiplane Loadings

Let us take curvilinear coordinates defined by the conjugate functions:

cg o o, EXECE QD
"”‘ﬁ‘/{i ZHiE-a> >

where X , Y are the Cartesian coordinates and & is a positive real length. The general scheme of the coordi-
nates is shown in Fig. 1. The curves ,,(=/,,_/__':Z =const. are a set of co-axial circles having & , & for
Timiting points. The curves B =¢,~8; =const. are circles passing through & , &, and intersecting to the

first set of circles orthogonally. Under the antiplane loads ’7_’,2, s ’t’;, applied at infinity, we can set

5#(0(”3)=Z”{a(g)c,dyég-pg_(d)mﬂ/g}m......A Y >
n=y
where,
Bole) = Encorhntol + o mink 1t } i
Quit) = F codk 2 + Fn anh 7ol

When the body with no holes are applied by the loads T and T at infinity, shearing stresses e and T’P;
on the virtual contours of two circular holes (e.g. the contours o = ofi sJ =1,2) can be given as

T 'Tl;e’{fz%jf,?’&;m&@ﬁi’z‘;tﬂffg) . T z;;g?#‘?mida/;éw/(’g;ﬂ&?;ﬂ;'zzapﬂﬁ) (4D
where upper sign is for the case of >0 and lower sign for <0 .

On the other hand, ’L’.,; and Tp’a are expressed from the relation of stress function V’(aﬁﬁ) by the following

formuTae: Pl 1 p W 4
k2L B R Hobt-cmp) 2

As was shown above, when obtaining the stresses in the body under consideration without openings sunjected
to uniform longitudinal loads ’L’)& and ’7.’;: at infinity, stresses in the body with two circular holes can
be calculated as follows. Firstly, we calculate the radial shearing stre??%} on the virtual contours of
holes which would be perforated in the body, from eq.{4). Then, we calculate the stresses by eq.(5) when the
external loads equal the magnitude and oposite sign of the stresses in the above are applied on the contours of
the body. And then we can solve the problem under consideration by superimposing the stress components "L'.:r ,
’l’;s by eq.(E) to Uz » ’1’;; by eq.(4).





