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Abstract: This study conducted time-dependent compression tests on asperities with different height-to-radius ratios using ultra-hard
gypsum. According to Hertz contact theory, the attenuation laws of the elastic modulus of different asperities over time were fitted.
Time-dependent closure tests were performed on fresh fracture surfaces of red sandstone and limestone under varying normal stresses.
By integrating wavelet analysis, region growth algorithms, and the reference surface method, a novel approach was developed for
identifying the mesoscale asperity morphology of rock fractures, and compared the differences in the number, height, and
height-to-radius ratio of asperities before and after the experiment. Utilizing Boussinesq's solution, an influence matrix was
constructed to account for interactions between asperities. Based on the law of the elastic modulus decaying over time, enabling
time-dependent closure calculations for different rock fractures under variable stress conditions. This approach precisely analyzes the
temporal evolution of strain, contact area, and contact stress for individual asperity, with simulation results matching experimental
data in terms of damage area and creep deformation. The study reveals the pivotal role of asperities with distinct mesoscale
morphological features in the time-dependent closure process of rock fractures under compression.
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Fig. 1 Semi-ellipsoid gypsum samples of A-1~A-4
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Fig.2 The time-dependent compression experiments of A-1 to A-4 under an identical load.
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Table 1 Parameters of different types of rock samples

&2 A/10°GPa B/10°GPa R’
A-1 1.718 3.152 0.933
A-2 8.509 6.463 0.997

A-3 22916 13.250 0.995
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Table 2 Parameters of different types of rock samples
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B3 AAREZENZAGRE ((a) ZPEZENZAGRR: (b) AREXZENZEEGRK: (o) XA FEK
Z%4%) Fig.3 Experiments on time-dependent closure of rock fractures under compression ((a) Time-dependent closure
experiment in red sandstone under compression; (b) Time-dependent closure experiment in limestone under compression; (c)

-t curves in time-dependent process).
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Fig.4 Asperities recognition process
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Fig.5 Asperities models and identification results of A-1~A-4 (unit: mm)
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of asperities on rock fracture surfaces (unit: mm) (a) Recognition effect of asperities on fracture surfaces (using red sandstone
as an example); (b) Asperities are generalized as semi-ellipsoids; (c) The limitation of watershed method; (d) Asperity
distribution maps for red sandstone and limestone fracture surfaces).
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Fig. 7 Height distribution of asperities on the fracture surfaces of red sandstone and limestone (unit: mm) ((a) Red sandstone

fracture; (b) Limestone fracture)
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Fig. 8 Height-to-radius ratios distribution of asperities on the fracture surfaces of red sandstone and limestone ((a) Red

sandstone fracture; (b) Limestone fracture)
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Fig.9 Calculation process for time-dependent fracture deformation subject to compression
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Fig.10 Damage zone in sandstone (The upper part shows the damaged area when the stress just reaches a certain stress level,

the lower part shows the damaged area after the stress reaches the same level and undergoes creep for 72 hours. Unit: mm).
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Fig.11 Damage zone in limestone (The upper part shows the damaged area when the stress just reaches a certain stress level,
the lower part shows the damaged area after the stress reaches the same level and undergoes creep for 72 hours. Unit: mm) .
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Fig.12 Evolution of fracture damage area under different normal stresses ((a) Evolution of fracture damage area in red

sandstone; (b) Evolution of fracture damage area in limestone)
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Fig.13 Comparison of numerical similation and experimental damage areas ((a) Actual damage zone in red sandstone; (b)

Actual damage zone in limestone; 1. Numerical simulation results; 2. Comparison of surface morphology via 3D laser

scanning; 3. Actual image after testing)
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Fig.14 Comparison of experimental data and numerical results of normal deformation-time curves of different rock fractures
((a) Normal deformation-time curves (red sandstone fracture); (b) Normal deformation-time curves (limestone fracture))
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Fig.15 The The deformation characteristics mechanical properties of asperities on the fracture surface of red sandstone
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Fig.16 The deformation characteristics mechanical properties of asperities on the fracture surface of limestone
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Fig. 17 Height distribution of asperities on the fracture surfaces after experiment (unit: mm) ((a) red sandstone fracture; (b)

limestone fracture)
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Fig. 18 Height-to-radius ratios distribution of asperities on the fracture surfaces after experiment ((a) red sandstone fracture;

(b) limestone fracture)
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