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Abstract:[Objective] The stability and failure modes of bedding rock slopes are
closely related to the shear mechanical behavior of layered rock masses. To
thoroughly reveal the underlying mechanisms, the effects of different shear
angles and water-bearing states on the shear mechanical behavior of bedded
limestone are investigated. [Methods] Variable-angle shear tests were
conducted, combining with digital image correlation (DIC) and microseismic
monitoring techniques, on bedded limestone specimens under both natural and
saturated water-bearing states at different shear angles (30°-60°). Their
mechanical properties, strain field evolution, and microseismic signal
characteristics were systematically studied. [Results] The results demonstrated
that: (1) with increasing shear angle, the peak shear stress, normal stress, and
shear stress of the specimens gradually decreased, while the failure mode
transitioned from shear fracture of the rock matrix to slip along the bedding
planes. (2) At lower shear angles, the specimens tended to develop
shear-tensile composite fractures with relatively fragmented failure patterns.
As the shear angle increased, the effects of normal stress weakened, and the
failure mode gradually transformed into a single slip mode dominated by shear
along the bedding planes. (3) Under the natural state, microseismic activity
exhibited a clear sequence of “active-quiet-precursor-mainshock” with high
signal peaks, indicating typical brittle failure. Under the saturated state, the
lubricating effects of water caused microseismic activity to remain continuously
active, but the signal peaks were significantly lower, demonstrating
microseismic signal characteristics of a transition from brittle to plastic failure.
(4) The shear angle dominated the macroscopic deformation and failure mode
of bedded limestone specimens. At lower angles, microseismic activity was
dispersed with high cumulative counts, while at higher angles, microseismic
precursor signals became concentrated with a significant quiet period, resulting
in more sudden failure. [Conclusion] The research findings provide theoretical
and data support for stability evaluation and disaster early warning of bedding
rock slopes under rainfall conditions by revealing the variable-angle shear
mechanical properties and microseismic sighal characteristics of bedded
limestone under different water-bearing states.

Keywords: bedded Ilimestone; variable-angle shear; shear angle;
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Table 2 Variable-angle shear test schemes
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R1-2 50.10x49.98%x49.95 321.92 — 30
R1-3 50.02x50.11x50.09 339.00 — 30
KR F AR R2-1 49.95x50.09x49.97 318.87 — 40
R2-2 50.01x50.13%x50.11 328.06 — 40
R2-3 49.97x50.02x50.04 327.50 — 40
R3-1 50.19x49.43x49.87 311.41 — 50



R3-2 49.94x50.09x50.01 311.21 — 50

R3-3 49.10x49.40%x50.04 49.10 — 50
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Fig.3 Stress-strain curve of specimen R1-1 and its corresponding distribution of principal

strain field at characteristic moments
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strain field at characteristic moments
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strain field at characteristic moments
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Fig.9 Stress-strain curve of specimen R4-1 and its corresponding distribution of principal
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Table 3 Statistical analysis of rock failure modes at different shear angles
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Table 4 Basic information and variable-angle shear mechanical parameters of
specimens under natural and saturated states

Hefh 4 IS/ (° ) SILEE/KN 1ER; Jjo/MPa BN J) 7 /MPa
R1-1 30 217.6 75.82 42.73
R1-2 30 216.8 75.43 42.51
R1-3 30 191.85 66.47 38.37
R2-1 40 117.5 36.44 29.93
R2-2 40 122.7 37.82 31.07
R2-3 40 116.5 35.69 29.90
R3-1 50 71.6 18.78 21.92
R3-2 50 70.7 18.39 21.46
R3-3 50 82.27 21.15 25.21
R4-1 60 29.1 5.94 10.04
R4-2 60 26.1 5.22 9.04
R4-3 60 33.85 6.77 11.73
H1-1 30 152.08 52.65 29.67
H1-2 30 133.62 45.97 25.90
H1-3 30 145.48 50.39 29.09
H2-1 40 78.09 23.90 19.64
H2-2 40 74.61 22.84 18.76
H2-3 40 73.64 22.56 18.93
H3-1 50 61.29 15.83 18.47
H3-2 50 50.40 13.11 15.29
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Fig.11 Fitted curves of variable-angle shear strength for bedded limestone under natural and

saturated states
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Fig.12 Variations in microseismic counts during shearing process of bedded limestone
specimens under natural state
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Fig.13 Variations in microseismic counts during shearing process of bedded limestone
specimens under saturated state
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