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Energy Evolution and Damage Law of Salt Rock Under Different Cyclic Loading and Unloading Rates
Liu Bingbing"**, Wu Zhide"**, Wanyan Qiqi"**, Li Kang"**,
Hao Aisheng** ., Bai Song'**, Wu Jia'nan"**, Tao Ye''*?
(1.Research Institute of Petroleum Exploration & Development, Beijing 100083, China;
2.National Energy Underground Gas Storage Research and Development Center, Beijing 100083, China;
3.CNPC Key Laboratory of Oil and Gas Underground Storage Engineering, Langfang, Hebei 065007, China)

Abstract: To investigate the energy evolution law and damage mechanisms of salt rock under different loading and unloading
rates, salt rock specimens obtained from a proposed salt cavern compressed air energy storage (CAES) facility in China were
subjected to uniaxial cyclic loading and unloading tests at varying rates. Mechanical testing, acoustic emission (AE) monitoring
and energy analysis methods were employed to explore the mechanical response and damage evolution process. The results
indicate that under uniaxial cyclic loading and unloading conditions, the salt rock exhibits significant viscoelasticity, and its
compressive strength decreases as the loading and unloading rate increases. With an increasing number of loading and unloading
cycles, the input work continuously increases; the elastic energy first increases and then decreases, whereas the dissipated
energy increases continuously and dominates in the later stages. Acoustic emission activity demonstrates a positive correlation
with the stress level. Under low loading and unloading rates. the internal behavior of the salt rock is dominated by low-energy.
high-frequency micro-fracturing activities. Conversely. under high loading and unloading rates. it exhibits macroscopic crack
propagation characteristics characterized by high-energy and low-frequency. The damage evolution of the salt rock can be

divided into three stages: an initial slow stage, a middle stable stage, and a final accelerated stage. Furthermore, a higher
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loading and unloading rate results in a greater degree of damage in the salt rock under the same stress level. The findings

provide a theoretical basis for optimizing the injection-production rates and evaluating the long-term stability of salt cavern

energy storage facilities.

Key words: Salt rock, Uniaxial cyclic loading and unloading, Mechanical response, Energy evolution, Acoustic emission

monitoring
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Table 1 Experimental results of uniaxial cyclic

loading and unloading rates of salt rock
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Fig.8 Change curves of damage factor and
stress of salt rock under different uniaxial

cyclic loading and unloading rates
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