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Complex Variable Function Solutions for Stress and
Displacement Distributions in Surrounding Rock
of Deep Buried Highway Tunnels
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Shigiazhuang 050043, P.R.China;
2. The Key Laboratory for Health Monitoring and Control of Large Structures
of Hebei Province, Shijiazhuang 050043, P.R.China)

Abstract: In order to optimize the design of highway tunnels and ensure the safety of construc-
tion, mechanical behavior of rock shall be made clear during highway tunnel excavation. With
the complex variable method, firstly, the exterior domain of the tunnel was transformed into a
unit-circle domain through the conformal mapping function; then 2 stress functions were de-
rived with the Cauchy integral formula and the residue theorem; thereby, closed-form plane
strain solutions of the surrounding rock were obtained for stresses and displacements. The
curved-wall horseshoe-shaped cross section was adopted, and the distributions of stresses and
excavation displacements along the tunnel boundary and the coordinate axes were calculated re-
spectively with mathematical software MATLAB. To verify the accuracy of the stress and dis-
placement distributions derived with analytical solutions, a 2D plane strain model was estab-
lished with finite element software ANSYS. Comparison between the numerical results and the
approximate analytical results shows good agreement. The results show that, the maximum
hoop stress occurs at the arch foot, the maximum horizontal displacement occurs at the hance,
the largest settlement and uplift are at the centers of the vault and the invert, respectively. Nor-
mal stresses along coordinate axes change obviously near the tunnel, and the maximum stress
doesn’t always occur at the tunnel boundary. The maximum stress approaches the applied load
at a distance less than 10 m from the tunnel boundary. The largest displacement occurs at the
tunnel boundary, and gradually reaches zero with an increasing distance from the tunnel bound-
ary.

Key words: highway tunnel; approximate analytical solution; complex variable function;

stress; displacement
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