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Elastoplastic damage model with hardening-softening
deformation behavior and seepage for surrounding rock
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Abstract: To elucidate the nonlinear mechanical response and seepage evolution mechanism of surrounding rock
during underground excavation, a unified hardening-softening elastoplastic damage-seepage coupled numerical
model was established based on the thermodynamic internal variable theory. This model employs a Logistics
function to reconstruct the damage evolution equation, enabling a more accurate description of the mitiation,
accelerated propagation, and saturation stages of damage. A hyperbolic hardening law is introduced to
characterize the expansion of the yield surface in the pre-peak hardening stage and its contraction in the post-

peak softening stage. Furthermore, an anisotropic permeability model is integrated to simultaneously capture the
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dual effects of pore compaction and fracture-induced permeability enhancement. The model was implemented

via secondary development within the FLAC3D platform, and its reliability was validated against experimental

data for stress-strain behavior and permeability. Subsequently, by applying the model to a case study of

underground tunnel driving, the excavation-induced responses of the surrounding rock were systematically

analyzed: the deformation patterns of arch-shaped subsidence and horizontal convergence were revealed, and the

three-dimensional reconstruction characteristics of permeability in space were elucidated, showing significant

anisotropic enhancement near the excavation zone while being dominated by compression in other areas. The

results demonstrate that the proposed model can accurately simulate the complete process of rock behavior,

from elastic deformation and hardening to softening failure, along with its coupled effects with seepage.

Keywords: elasto-plastic damage; hardening-softening yield; seepage coupling; numerical model
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