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Volumetric strain of rock salt under triaxial low-frequency cyclic loading
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Abstract: The surrounding rock salt of underground gas storage cavern is subjected to long-term triaxial fatigue stress. The
deformation property of rock salt under triaxial cyclic loading is of great importance to the stability of the rock salt cavity. A
series of laboratory tests are performed to explore the deformation behavior of eight rock salt specimens under various
confining pressures, stress levels and loading frequencies. The axial low-frequency cyclic stress is applied on each salt
specimen while the confining pressure is kept steady. The test parameters are processed by the dimensionless method. The
effects of the strength of stress ratio (ratio of generalized shear strength to spherical stress), amplitude of stress ratio, level of the

maximum stress, loading frequency and loading cycles () on the volumetric strain (&,) of rock salt are analyzed. The nonlinear

curve fitting is carried out using the function & =AlgN+&, for a curve of each specimen on the volumetric strain with the cycles.

Further, the expressions for the parameters A and &, with the amplitude of stress ratio, the maximum stress and loading
frequency are obtained, respectively. The analysis of standardization regression coefficient indicates that the maximum stress is
the key factor that influences the volumetric deformation of rock salt, and the stress amplitude ratio comes the second. It is
noted that the rock salt exhibits dilatancy under high maximum stress.

Key words: triaxial test; low-frequency cycle; rock salt; volumetric strain; dilatancy
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Table 1 Test schemes

f&ﬁ f/Hz il 3/MPa
J Oimax /MPa Oimin /MPa
1 0.083 28.881 26.987 7
2 0.083 27.245 23.741 7
3 0.050 24.831 17.018 7
4 0.056 26.507 12.209 7
5 0.050 38.861 20.220 14
6 0.071 29.578 17.862 14
7 0.043 40.435 19.874 14
8 0.042 38.871 17.144 14
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Fig. 1 Stress-strain curves of rock salt specimen
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Fig. 2 Volumetric strain-cycle number curves
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Table 2 Dimensionless parameters in the experiment
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Table 3 Fitting parameters

G5 A &0/ % MR RHR
1-2 -0.3996 -0.5561 0.96229
3 -0.0959 0.1467 0.86487
4 -0.2825 -0.3365 0.83322
5 -0.1698 -0.1780 0.90269
7 -0.3070 -0.4121 0.84360
8 -0.1884 -0.1642 0.82406
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Table 4 Parameters

%y A Ryp a; f/Hz
1-2 0.3996 0.963 0.105 0.083
3 0.0959 0.883 0.409 0.050
4 0.2825 0.926 0.849 0.056
5 0.1698 0.897 0.729 0.050
7 0.3070 0.932 0.791 0.043
8 0.1884 0.897 0.907 0.042
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Table 5 Standardized regression coefficients
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