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Abstract
Rockburst, as a severe geological hazard, frequently poses significant threats to
tunnel stability and construction safety. Conventional circular tunnels under
non-hydrostatic pressure conditions are prone to forming localized stress concen-
tration zones in the surrounding rock mass, thereby readily inducing rockburst.
Elliptical tunnels with specific axis ratios, however, possess the potential to
mitigate this issue and have emerged as a focal point in rockburst prevention
research. This study analyzes the stress distribution and characteristics of local
tangential stress concentration in conventional circular and elliptical tunnels,
and proposes a theoretical methodology for rockburst prevention based on pre-
stressed elliptical tunnels with optimal axis ratios, providing a theoretical solu-
tion for the optimal axis ratio. Using a plateau tunnel as an engineering case
study, numerical calculation results demonstrate that designing the prestressed
tunnel geometry according to the optimal axis ratio can completely eliminate
local tangential stress concentration, achieve a uniform stress distribution, and
substantially reduce the overall tangential stress level of the tunnel. Further-
more, this approach theoretically offers the advantage of excavation stress com-
pensation. This provides a theoretical reference for stress control and rockburst
mitigation in high in-situ stress tunnel engineering projects.
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Abstract

Rockburst, as a severe geological hazard, poses significant threats to tun-
nel stability and construction safety. Traditional circular tunnels under
non-hydrostatic pressure conditions are prone to forming localized stress
concentration zones in surrounding rock, which can easily trigger rockbursts.
In contrast, elliptical tunnels with specific aspect ratios have the potential
to avoid this problem, making them a focal point in rockburst prevention
research. This paper analyzes the stress distribution and characteristics of
localized tangential stress concentration in conventional circular and elliptical
tunnels. Building upon this analysis, we propose a theoretical method for
rockburst prevention based on prestressed elliptical tunnels with optimal aspect
ratio and provide a theoretical solution for determining this optimal ratio.
Using a high-altitude tunnel project as a case study, numerical results confirm
that designing the prestressed tunnel geometry according to the optimal
aspect ratio can completely eliminate localized tangential stress concentration,
achieving a uniform stress distribution while substantially reducing the overall
tangential stress level in the tunnel. The approach also theoretically offers
the advantage of excavation stress compensation. These findings provide a
theoretical reference for stress control and rockburst prevention in high-stress
tunnel engineering.
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