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1. Introduction

One of the powerful methods in tunneling design in rock mechanics and geotechnical engineering is
analytical method. Among the analytical models the best model is the use of complex potential functions one.
The complex potential method applies conformal mapping. Applications of conformal mappings are made to
two-dimensional boundary value problems involving rock mechanic, soil mechanic, heat flow, electrostatics
and ideal fluids. Of particular interest is the ability of conformal mappings to map regions with a complicated
boundary shape onto regions with a simple boundary shape McMahan (2008). This is because such mapping
can be used to solve two-dimensional boundary value problems for the elasticity equations in regions of
complicated shape. The required solution follows directly from the fact that conformal mappings map one
analytic function into another one.

2. Methodology

The conformal mapping as one that preserves both the angle between intersecting curves and the sense of
rotation from one curve to the other Ponnusamy and Silverman (2006). Then proceeds to examine some of the
most important examples of these mapping to the tunneling structure. Conformal mappings are shown to map
a harmonic or biharmonic function in one plane into a harmonic or biharmonic function in another plane, and
it is this property that is used when boundary value problems for the two-dimensional elasticity equations are
solved Muskhelishvili (1953). For tunnels with circular or square cross-sections the complex potential
functions are simple and can be obtained easily Savin (1961). While for other tunnel sections such as triangle,
ellipse, trapezoid and horseshoe are more difficult. If we can transform the tunnel complex shapes into a
circular shape by some methods of mapping, then the first step for obtaining the governing potential function
is done. The mapping that is used for that purpose is called conformal mapping. In this research the conformal
mapping functions for tunnel sections of semi-circle, semi-ellipse and arch-shaped tunnels are obtained. It is
clear that the above tunnels sections are the most applicable ones for roading and geotechnical underground
structures. If the obtaining of conformal mapping functions for semi-elliptic cross section is not simple and easy
task but in this research at least three functions are obtained by the method of the numerical conformal

mapping.

3. Results and discussion

The following conformal mapping function is used for semi-circular tunnel.
z=w({) =co{ +c1{t+ i P+ e3P et (1)

Where ¢0=10.113, c1=-3.144, c2=1.578, ¢3=-0.5 and c4=-0.02 are for semi-circular tunnel of diameter 13m. The
governing conformal mapping is shown in Fig. 1.
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Fig. 1. The conformal mapping of semi-circular tunnel with diameter 13m

For the conformal mapping of semi-ellipse tunnels three models are obtained by the numerical
approximation method. The model 3 of conformal mapping is more accurate and more powerful and gives the
smoother curve as Eq. 2.

z=w({) = %(coez + el e e e + 1_Te(c0e5 + e BT 4 e B2 4 eI 4
C4e—8§+4§)

(2)
Where e=a/b (the ratio of half longer diameter to the half smaller diameter of ellipse), co=10.113, c1=-3.144,

¢2=1.578, ¢3=-0.5 and c4=-0.02. Fig. 2 shows the conformal mapping of semi-ellipse tunnel with half diameters
a=6.0m and b=4.0m.
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Fig. 2. The conformal mapping of semi-ellipse tunnel with a=6m and b=4.0m

4., Conclusions

One of the basic steps of the complex variable method for analysis the stress and strain around underground
structure is to determine the conformal mapping functions. The presented models for different tunnel cross-
sections are sufficient for obtaining the governing complex potential functions. For unsymmetrical cross-
sections of tunnels the multiple conformal mapping should be used. The results show the third model function
which is used for mapping of the semi-elliptic closed curve is one by one mapping and prefers for the
calculations of stresses and deformations around and on the surface of tunnel. It is recommended to obtain the
conformal mapping functions for tunnel sections such as horseshoe, irregular, asymmetrical and uneven
shapes.
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