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Fig. 1 Analysis of the microstructure of skarn rock
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Fig.2 Samples preparation and physical parameter measurement process
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Table 1 Physical parameters of skarn specimens (experimental part)
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R /IN T 55T 5% B RE IR AT 98 55 B0, LA AR 3k
FE AR B0 B 19 T S IR A5, 2022
RET-55,2023) . IXFEYIEISEOE LR 1.

g Jiii/g {2 fmm A% /mm I/ (gem™) AP E/ (me-s™) PP/ (m-s™)
X10 675.1 100.29 49.82 3.45 4811 3906
X15 675.6 99.63 50.09 3.44 4630 3676
X49 676.0 100.15 50.19 3.41 4 690 3788
X43 718.9 100.30 50.23 3.62 4314 3472
X48 635.9 100.15 50.19 3.41 4 690 3788
X53 645.6 99.78 50.03 3.29 4 606 3472
X54 658.8 100.57 49.58 3.39 4438 3205
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Fig. 7 Relationship between shear modulus and number of cycles
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Table 2 Fitting of the mean damping ratio of a single
sample at the same rate
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6 y ==0.044In(x) +0.0789  0.677
2 y=0.0071In(x) +0.0181  0.833
X48 4 y=0.0096In(x) +0.0084  0.968
6 y=0.0104In(x) +0.006  0.961
2 y=-0.018In(x) +0.0549  0.520
X53 4 y=0.0021In(x) +0.0151  0.752
6 y=0.003In(x) +0.0095  0.983
2 y=-0.02In(x) +0.0553  0.768
X54 4 y=0.0071In(x) +0.0181  0.992
6 y =-0.004In(x) +0.017  0.987
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Damping and Stiffness Response of Skarn Rock Under Variable—Rate Cyclic
Loading with Different Amplitudes

JIANG Zhigong', LI Yuanfang®
1.Shandong Gold International Gold Co., Lid., Beijjing 100020
2.8chool of Resources and Safety , University of Science and Technology Beijing, Beijing 100081, China

Abstract: This study systematically investigated the effects of loading rate and stress amplitude on the
mechanical properties of skarn under cyclic loading by conducting variable-rate cyclic loading tests in
conjunction with microstructural analysis. The compositional and structural characteristics of skarn were
elucidated, and its dynamic shear modulus, damping ratio, and damage evolution law were comprehensively
examined. The test specimens were derived from roof core samples of a lead-zinc mine in Yunnan, China, which
were subsequently cut, ground, and polished to meet standard specifications. X-ray diffraction (XRD) and
polarizing microscopy analyses confirmed that the primary mineral constituents are ilvaite (26.1%), actinolite
(42.6%), and calcite (16.9%). Notably, ilvaite and actinolite, which possess higher hardness, collectively
constitute approximately 60% of the composition and play a crucial role in inhibiting microcrack propagation.
The experiments were conducted using the YAW-2000 servo-controlled rock mechanics testing system,
supplemented with the YYSJ50 extensometer (Linear Variable Displacement Transducer, LVDT) for precise
deformation monitoring. A cyclic loading scheme comprising two distinct paths—constant amplitude and
incremental amplitude—was developed, incorporating three different loading rates (2 kN/s, 4 kN/s, 6 kN/s) for
each path. Fifteen cycles were executed for each group to simulate various seismic loading conditions. The
findings indicate that the shear modulus increases with rising stress amplitude but exhibits a declining trend as
the number of cycles increases within the same group. This decrease is particularly pronounced under low
loading rate conditions. The damping ratio follows a “concave-shaped” evolution pattern, initially decreasing
and then increasing with the number of cycles, and generally diminishes as the loading rate increases. This
suggests that higher loading rates inhibit the material’ s energy dissipation capacity. Regarding damage analysis,
the damage evolution model, based on axial strain, effectively elucidates the cumulative process of rock
damage. The damage variable demonstrates an S-shaped growth curve with an increasing number of cycles,
with damage accumulation being more pronounced under low loading rate conditions. Furthermore, the analysis
of fracture mechanisms reveals that the primary cracks in skarn subjected to cyclic loading exhibit oblique shear
characteristics, which starkly contrast with the vertical tensile cracks observed under monotonic loading. As the
stress amplitude increases, the width of the primary cracks decreases, and the number of secondary cracks
diminishes, indicating that the loading method significantly influences the rock’ s failure mode. This study
systematically demonstrates that loading rate and stress amplitude are critical factors in regulating the dynamic
mechanical behavior of skarn. The developed damage evolution model, along with the elucidated damping and
stiffness response laws, provides a crucial theoretical foundation and experimental reference for safety
assessment and structural design in seismic engineering, mining, and related geotechnical fields.

Key words: cyclic loading; loading rate; shear modulus; damping ratio; damage model; failure characteristics
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