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Abstract

During the operation of underground gas storage reservoirs, the overlying strata undergo periodic loading and unloading caused by
intense gas injection and extraction, resulting in highly complex mechanical properties and deformation patterns. Developing rock
damage constitutive models under cyclic loading conditions is crucial for predicting reservoir sealing integrity and stability. Through
cyclic loading-unloading tests on gypsum samples collected from field cores, it was observed that stress recovery paths deviate
from loading trajectories, exhibiting distinct hysteresis loops. As cycle numbers increased, strain-stress curves followed a “sparse-
dense-sparse” variation pattern. A gypsum softening damage constitutive model during loading was established based on statistical
damage theory. Comparisons between theoretical predictions and experimental data demonstrated excellent agreement. This proposed
constitutive model provides a novel approach to comprehensively understand deformation failure mechanisms in gas storage
reservoirs subjected to intense injection-extraction cycles.
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