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Abstract: The deformation and failure of rock masses in cold regions due to repeated freeze-thaw cycles present
critical challenges that demand thorough investigation. This study examines the mechanical properties and crack
propagation characteristics of fractured limestone subjected to varying numbers of freeze-thaw cycles and crack
inclination angles. Uniaxial compression tests were conducted, and corresponding stress-strain responses and
macroscopic failure patterns were obtained. The fracture surfaces were further analyzed using scanning electron
microscopy. Results indicate that repeated freeze-thaw cycles induce pronounced brittle failure in fractured
limestone. Peak stress and elastic modulus increase with crack inclination but decrease with the number of freeze-
thaw cycles, while peak strain shows positive correlation with both variables. Macroscopic failure is primarily
governed by crack-induced breakage, with spalling as a secondary mode. Fracture surfaces predominantly exhibit
tensile cracks influenced by pre-existing flaws, but not by the number of freeze-thaw cycles. Microscopically,
freeze-thaw action promotes the development of internal microcracks-evidenced by increased crack length, width
and density-while pre-existing cracks exert minimal influence on microstructural features. Increasing crack
inclination angles suppresses freeze-thaw damage, thus improving rock durability. These findings provide valuable
insights for improving the stability and longevity of rock structures in cold-region mining engineering.
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Fig.2 Schematic diagram of rock sample processing and prefabricated fractures
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Fig. 4 Stress-strain curves of fractured limestone under freeze-thaw cycles
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Table 2 Peak strength and peak strain of double-fissure limestone

N

I a/(°)
B3] VA WA I A1 VA [ESED B3] VA
SR /MPa RAE/%  SRJE/MPa RNAE/%  RE/MPa WAE/%  GRE/MPa BNAE/%

R-0-N 0 29.00 0.352 26.78 0.371 23.17 0.419 13.87 0.462
R-30-N 30 30.36 0.372 28.46 0.392 24.39 0.452 18.79 0.498
R-45-N 45 40.78 0.412 36.21 0.435 33.32 0.482 27.55 0.515
R-60-N 60 42.22 0.422 41.30 0.482 39.65 0.517 34.39 0.536
R-90-N 90 46.20 0.443 4438 0.512 40.78 0.523 38.77 0.571
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Fig. 5 Elastic modulus of double-fissure limestone
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Fig. 6 Macroscopic failure characteristics of fissure limestone
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Table 3 Calculation table of degree coefficient of freeze-thaw weathering

KA = K! K, K! A G K K, K!
R-0-0 0.997 7 1.000 0 0.999 2 R-0-50 0.996 4 0.807 3 0.934 6
R-30-0 0.998 5 1.000 0 0.999 5 R-30-50 0.996 0 0.803 1 0.933 0
R-45-0 0.999 0 1.000 0 0.999 7 R-45-50 0.996 4 0.8169 0.937 8
R-60-0 0.996 9 1.000 0 0.999 0 R-60-50 0.997 2 0.940 3 0.979 2
R-90-0 0.997 5 1.000 0 0.999 2 R-90-50 0.996 3 0.892 4 0.962 9
R-0-25 0.997 4 0.9319 0.976 4 R-0-75 0.995 8 0.483 3 0.826 4
R-30-25 0.997 5 0.937 3 0.978 2 R-30-75 0.996 7 0.618 9 0.8719
R-45-25 0.998 2 0.889 4 0.962 5 R-45-75 0.995 2 0.674 6 0.889 9
R-60-25 0.996 6 0.979 7 0.992 1 R-60-75 0.994 2 0.818 1 0.937 4
R-90-25 0.996 4 0.972 6 0.989 6 R-90-75 0.996 0 0.8419 0.946 0
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R4 ERRTRYPREFHPITER
Table 4 Calculation table of decay coefficient and half-life of rock mass
TR G 5 RN AR R B WA R SERENEE I N,
R-0-N o =303e"" 0.007 8 0.830 93 88.85
R-30-N o =31.4e"" 0.005 9 0.925 58 117.46
R-45-N o =411 0.004 9 0.975 04 141.43
R-60-N o =431 0.002 5 0.840 43 277.20
R-90-N o =461 0.002 4 0.964 61 288.75
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Fig. 8 Partial SEM image of a fractured limestone sample
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Table 5 Statistical table of microfracture size information

THBELCF 3 K /um L BT K ¥ /um TP 2 58 BE /um

0k 25 S0k 751K 0K 25K 50 YK 751K 0k 25 S0k 751k

0 1837 19.62 21.11 24.04 347.05 40529 418.27 492.17 047 053 053 1.07
30 2042 21.79 2446 2632 42131 41394 512.62 552.79 034 054 0.69 0.87
45 23.57 2193 2136 26.83 394.60 457.15 430.58 57620 046 034 056 0.64
60 20.80 2498 2531 27.67 427.14 42423 494.00 537.83 034 035 034 0.79

90 20.76  22.03 26.03 26.68 364.61 37395 456.06 50693 033 037 047 0.58
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