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Investigation of a Microscopic Damage Constitutive Model Based on Initial
Damage and Residual Strength Characteristics of Rock Materials

ZHAO Penggeng, DENG Hui, YU Junqi
Chengdu University of Technology, College of Environmental and Civil Engineering, Chengdu 610059, China

Abstract: The damage evolution mechanisms of rocks under high-stress conditions remain
insufficiently understood, particularly the systematic influence of initial damage and residual
strength on the damage process. This study focuses on the rocks from the GS hydropower station
in the southwestern China. Through uniaxial and conventional triaxial experiments, combined
with damage mechanics theory, a micro-damage constitutive model that simultaneously considers
initial damage and residual strength is established. This model innovatively reveals the combined
effects of initial damage and residual strength on the damage evolution process. The research
results indicate that confining pressure significantly inhibits the macroscopic deformation and
failure characteristics as well as the microscopic damage development of rocks. Specifically, with

increasing confining pressure, the peak strength and peak strain of the rocks increase, while the
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damage at the same strain level decreases. The established model effectively describes the

complete stress-strain process of rocks, demonstrating high consistency with experimental curves.

Furthermore, it reveals a three-stage characteristic of rock damage evolution: the slow

development stage, rapid development stage, and complete damage stage. This model provides a

theoretical foundation for the exploration and design of hydropower projects in high-stress

regions.
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