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Study on damage characteristics of rock in Helan Mountain site under
freeze-thaw cycle treatment
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(1. School of Physics and Electronic and Electrical Engineering, Ningxia University, Yinchuan 750021, Ningxia, China;
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Abstract: In view of the serious weathering of rocks in the Helan Mountain site area caused by Ningxia environment,
firstly, the freeze-thaw cycle tests were carried out on the rock samples taken from the Helan Mountain site, and the cycle
times were set as 0, 10, 20, 30 and 40 times respectively. The mass, longitudinal wave velocity and effective porosity of
the rock samples were measured, and the influence of the cycles on them was investigated. Then, uniaxial compression
tests and acoustic emission tests were performed; the stress-strain curves were obtained, and their variation laws were
analyzed. Finally, the damage variable was defined, based on the elastic modulus and cumulative ringing count, and the
damage constitutive model under the coupling action of temperature-water-force was established. The study results show
that the effective porosity and the reduction ratio of wave velocity decrease after 20 cycles. At this time, the particle spalling
phenomenon occurs in rock samples, and the changes of two indexes can reflect the damage of rock surface. The damage
variable has experienced a steady stage, a slowly increasing stage and a steep rising stage, which corresponds to the change
law of stress-strain. The constructed damage constitutive model can describe the damage evolution process of rocks in the
Helan Mountain, which provides a theoretical basis for further understanding the disease mechanism of rocks in the Helan
Mountain site.
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Fig. 1 Surface damage of Helan Mountain rock painting
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Fig. 8 Curves of uniaxial compressive stress and acoustic emission count with time in different freeze-thaw (F-T) cycles
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Fig. 9 Rock damage variables under different freeze-thaw (F-T) cycle times
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Fig. 10 Comparison of predicted and measured stress-strain under different freeze-thaw (F-T) cycles
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