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Fig. 1 Stability evaluation flowchart for rock slopes
under cyclic freeze-thaw
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Table 1 Damage statistics of specimens under cyclic freeze—thaw
A HRSHEORERE) RS (mmxmm) AT (m - s RBUSMEY (m 57" RIS g HRERBU %
1 25 C/0 K $50.1x100.3 4.57 4.57 0
2 -5C/1 K $50.5x100.1 4.68 4.65 0.08 1.28
3 -5C/3 & $50.3x100.4 4.58 4.53 0.11 2.17
4 -5C/5 K $50.1x100.6 4.69 4.61 0.12 3.38
5 -5C/TIK $50.2x100.1 4.42 4.33 0.15 4.03
6 -10 C/1 1k $50.6x100.4 4.71 4.65 0.09 2.53
7 -10 C/3 K $50.5x100.3 4.59 4.53 0.15 2.60
8 -10 C/5 & $50.1x100.7 4.76 4.67 0.27 3.75
9 -10 C/7 Ik $51.1x100.2 4.47 4.38 0.29 3.99
10 -15 C/1 &k $50.8x100.4 4.64 4.56 0.14 3.42
11 -15 C/3 &k $50.4x100.1 4.59 4.51 0.15 3.46
12 -15C/5k $50.3x100.2 4.57 4.48 0.29 3.90
13 -15 C/7 & $50.3x100.5 4.61 4.51 0.32 4.29
14 -20 C/1 1K $50.2x100.4 4.73 4.65 0.24 3.35
15 -20 C/3 K $50.1x100.6 4.64 4.54 0.35 4.26
16 -20 C/5 K $50.1x100.1 4.96 4.83 0.39 5.17
17 -20 C/7 K $50.2x100.3 4.68 4.53 0.40 6.31
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Fig.2 Equipment in the experimental test system
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Fig. 3  Microscopic damage characteristics of specimens under different times of cyclic freeze—thaw (1 000 X magnification )
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Table 2 Mechanical test results of specimens under cyclic freeze—thaw

RERS  RRLSECCRE ) YUESR EE/MPa BLHIH BE/ MPa W J1/MPa PIEESE A/ (°) &
1 25 °C/0 K 76.9 6.57 8.47 46.7 popiicE:)
2 -5°C/1Ik 74.6 6.17 8.16 45.7
3 -5°C/3 K 66.5 5.58 7.88 2.6
4 -5°C/5K 69.5 5.69 8.12 44.9
5 -5°C/TIK 68.4 5.72 8.04 432
6 -10 C/1 % 73.8 5.97 8.17 44.8
7 -10 C/3 % 64.5 5.35 7.83 41.5
8 -10 C/5 &k 66.7 5.49 7.97 43.6
9 -10 C/7 fk 67.5 5.45 7.84 42.1 -

10 -15C/1 % 69.2 5.64 8.03 43.6
11 -15 C/3 % 62.5 5.09 7.66 40.5
12 -15C/5 K 65.8 5.44 7.69 41.7
13 -15C/7 % 65.4 5.31 7.81 42.5
14 -20 C/1 % 68.9 5.59 7.84 41.9
15 -20 C/3 & 61.3 4.94 7.54 38.7
16 -20 C/5 K 65.5 5.19 7.73 38.6
17 -20 C/7k 64.7 5.28 7.68 39.5
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Fig. 4 Results of tensile and compressive strength of specimens under cyclic freeze—thaw
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Table 3 Summary of mechanical parameters and safety

factors for rock slopes in mines
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5 -5C/T& 1.522 1.493
6 -10 C/1 & 1.565 1.525
7 -10 C/3 & 1.553 1.492
8 -10 C/5 & 1.538 1.474
9 -10 C/7 & 1.524 1.463
10 -15 C/1 1k 1.555 1.516
11 -15 C/3 1k 1.547 1.484
12 -15 C/5 & 1.525 1.471
13 -15 C/7T R 1.514 1.462
14 =20 C/1 R 1.539 1.505
15 -20 C/3 % 1.521 1.482
16 =20 C/5 ) 1.502 1.461
17 =20 C/7 R 1.493 1.453
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Stability analysis of rock slopes under seasonal cyclic freeze—thaw

Wang Di', He Yudie®, Yin Wei’
(1. Hunan Center of Natural Resources Affairs;
2. Hunan Provincial Geological Disaster Survey and Monitoring Institute)

Abstract: To investigate the effect of cyclic freeze—thaw on the stability of rock slopes, this study examines a rock
slope in a mining area in Northeast China affected by seasonal cyclic freeze—thaw. 4 freeze—thaw temperature gradients
(=5 C,-10 C, =15 C, and =20 C) and 1, 3, 5, and 7 freeze —thaw cycles were considered to explore the
deterioration pattern of rock mass mechanical properties. The stability of the rock slope was evaluated based on the
MSDP criterion.Results indicate that with decreasing freeze—thaw temperature gradients and increasing cyclic freeze—
thaw, internal frost shrinkage intensified, leading to a decrease in compressive strength by 2.9 % -20.3 %, tensile
strength by 6.1 %-24.8 %, cohesion by 6.5 %—13.7 %, respectively and internal friction angle by 2.2 %-17.3 %.
For fixed freeze—thaw temperature gradients, the tensile and compressive mechanical properties of samples decreased
significantly with increasing cyclic freeze —thaw, showed a recovery, and then stabilized. The largest reduction in
mechanical properties occurred after 3 complete freeze —thaw cycles. Fatigue damage caused the development and
propagation of internal cracks, with discontinuous cracks gradually extending and connecting. The crack quantity
increases with cyclic freeze—thaw.According to microscopic analysis, the essence of rock mass strength deterioration is
fatigue damage induced by cyclic freeze —thaw. Safety factors calculated using the MSDP criterion were lower than
those determined by conventional limit equilibrium methods. The lowest safety factor was observed at =20 °C after
7 freeze—thaw cycles.Under cyclic freeze—thaw, irreversible structural damage occurs inside the test samples, leading to
decreased sliding resistance due to deteriorated test sample strength, ultimately lowering slope safety factors. These
findings provide a reference for evaluating rock slope stability under cyclic freeze—thaw.
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