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Abstract. The article examines the joint behavior of the “support-surrounding rock mass” system during staged
excavation of large-section tunnels, considering the nonlinear interaction between the support and the rock. The
main objective of the study was to assess the effect of staged tunnel excavation compared to the full-face excavation
scheme and to evaluate the influence of physical, geometrical, and loading nonlinearities of the system. The analyses
were performed using the finite element method with a two-cycle (outer and inner cycles) scheme. The conditions
for the formation of tensile and shear fractures, stress distribution, and the development of failure zones in the rock
mass were evaluated. The results indicate that nonlinear analysis significantly alters the stress—strain state, reduces
the loads acting on the support in the arch region, and leads to the propagation of failure zones into the mass. The

study also revealed the significant impact of yielding joints on the structure’s displacements and load redistribution.

Keywords: Failure zone; Finite element method; Nonlinear analysis; Rock mass; Staged excavation; Stress—strain

state; Support; Tunnel; Yielding joint.
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