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Fig. 1 Verification of dynamic stress balance for the sample
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Fig. 2 Temperature-time history curve during freeze-thaw cycle
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Table 1 Results of dynamic impact compression tests on
sandstone samples

e A TREMERS  SSIEE SISIRE ST
(ms™) WHN  Rif/MPa [AE/107° BitR/GPa

DY-3-0 0 144.27 1.68 315.65
DY-3-30 30 132.53 5.05 80.73
DY-3-60 3 60 118.36 5.38 88.19
DY-3-90 90 101.21 5.21 77.11
DY-3-120 120 94.98 5.49 37.73
DY-6-0 0 182.66 8.77 144.11
DY-6-30 30 171.67 8.17 24.17
DY-6-60 6 60 145.56 12.66 23.60
DY-6-90 90 132.05 9.76 69.10
DY-6-120 120 119.45 8.17 21.52
DY-9-0 0 210.96 9.80 102.42
DY-9-30 30 189.23 9.43 111.01
DY-9-60 9 60 172.36 7.72 57.17
DY-9-90 90 158.67 14.81 86.52
DY-9-120 120 137.98 10.11 62.95
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Table 2 Fitting formula for the 1g(M,/M,)-1g(r/ry) curves and

calibrated fractal dimensions
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g5 B . A MZ AR AR
(ms™) KHN
DY-3-0 0 »=1.1415x-0.0900(0.8886)  1.8585
DY-3-30 30 1=1.0932x-0.0441(0.9628)  1.9068
DY-3-60 3 60 y=1.001x-0.0105(0.9549) 1.9990
DY-3-90 90 y=0.9770x-0.0291(0.9574)  2.0230
DY-3-120 120 y=0.8937x+0.0109(0.9593)  2.1063
DY-6-0 0 »=1.0662x+0.0011(0.9935)  1.9338
DY-6-30 30 y=1.0353x+0.0021(0.9921)  1.9647
DY-6-60 6 60 »=0.9043x-0.0128(0.9934)  2.0957
DY-6-90 90 y=0.8654x+0.0146(0.9844)  2.1346
DY-6-120 120 »=0.8304x+0.0617(0.9779)  2.1696
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DY-9-90 90 y=0.7527x+0.028 9(0.9563)  2.2473
DY-9-120 120 y=0.7287x+0.0391(0.9644)  2.2713
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Fig. 3 Failure patterns of freeze-thawed sandstone samples under different impact velocities
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Fig. 7 Dynamic stress-strain curves of freeze-thawed sandstone samples under different impact velocities
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Experimental study on dynamic impact characteristics of sandstone
subjected to freeze-thaw cycles
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Abstract: [Objective] This study aims to investigate the effects of freeze-thaw cycles on the dynamic mechanical
properties and microstructural characteristics of sandstone. [Methods] Dynamic impact compression tests, nuclear
magnetic resonance (NMR) detection, and scanning electron microscopy (SEM) observations were conducted on
sandstone samples subjected to 0, 30, 60, 90, and 120 freeze-thaw cycles, with impact velocities set at 3, 6, and 9
m/s respectively. [Results] The results indicate that the dynamic impact failure mode of freeze-thawed sandstone is
overall crushing failure. As the number of freeze-thaw cycles and impact velocity increase, the fragmentation degree
of sandstone intensifies, characterized by reduced fragment size, increased number of fragments and proportion of
powder, and elevated fractal dimension. Under the same impact velocity, the dynamic mechanical properties of
sandstone continuously deteriorate with the increase in freeze-thaw cycles, and all dynamic mechanical performance
indicators exhibit rate-dependent effects. Additionally, an exponential attenuation model for the dynamic peak stress
of freeze-thawed sandstone was established, which proves that impact velocity can partially compensate for the
damage and deterioration caused by freeze-thaw cycles, resulting in a smaller attenuation constant and a delayed half-
life. The established fractal dimension-dynamic strength evolution equation enables the fractal dimension to not only
quantitatively describe the fragmentation degree of sandstone after impact failure but also further predict its dynamic
strength. With the increase in freeze-thaw cycles, the size and number of pores and cracks inside the sandstone
increase, and the degree of structural damage aggravates. Based on the above results, the damage and failure
mechanism of sandstone under freeze-thaw cycles was explored, revealing that the freeze-thaw damage of sandstone
is the result of the combined action of multiple factors. [Conclusion] This study can provide relevant references for
rock engineering in cold regions.
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