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Abstract

The discontinuous structural networks formed by geological tectonic processes endow natural rock
masses with significant heterogeneity, structural discontinuity, and mechanical anisotropy characteristics.
Studies indicate that over 80% of rock mass instabilities are triggered by structural plane-controlled failures,
primarily manifested as weak-plane shear slippage and interlayer dislocation. These mechanical behaviors
are jointly governed by the spatial distribution characteristics of structural planes (dip angle, connectivity
rate, roughness) and in-situ stress environments. For special layered rock masses with a thickness ratio of
1:1 between thick and thin layers, systematically revealing their mechanical properties and progressive
failure mechanisms holds significant importance for enhancing disaster prevention and control in related
engineering projects. Therefore, this study conducted uniaxial and triaxial compression tests on interbedded
fractured rock specimens with varying connectivity rates. Detailed analyses were performed on the
specimens' peak strength, elastic modulus, stress-strain curves, as well as crack initiation, propagation, and
extension processes. The mechanical properties and deformation-failure mechanisms of soft-hard
interbedded rock specimens with different connectivity rates and dip angles were systematically
investigated. The main research work and conclusions are as follows:

(1) Uniaxial compression tests combined with digital image correlation (DIC) technology were
conducted to study the mechanical properties, failure modes, and strain evolution processes (e.g., surface
deformation fields) of specimens made from two types of aeolian sand (0.075-0.18 mm and 0.22—0.5 mm)
and one type of quartz sand (0.22—0.5 mm) under static compression and dynamic compaction methods.
The experimental results indicate that: For specimens with the same density, the elastic modulus and peak
strength of small-particle-size aeolian sand prepared by static compression are higher than those prepared
by dynamic compaction, while the opposite trend is observed for large-particle-size aeolian sand and quartz
sand; Specimens prepared by static compression exhibit tensile-splitting failure modes, whereas those
prepared by dynamic compaction predominantly fail via shear-dominated mechanisms; Comparative
analysis and classification with natural rock structures and morphologies validate the applicability of these
two specimen preparation methods for simulating specific rock types.

(2) First, experimental investigations were conducted on dozens of soft-hard rock ratio schemes to
select the most suitable materials and proportions. Fractured rock samples with structural plane dip angles
of 15°, 30°, 45°, 60° and connectivity rates of 0, 0.2, 0.4, 0.6, 0.8, 1.0 were prepared. Uniaxial compression
tests were performed combined with digital image correlation (DIC) technology. The experimental results
indicate that: The peak strength of rock samples follows the order: intact samples > 30° > 15° > 45° > 60°;

When g = 15°, failure primarily occurs in the lower soft rock; at = 30° and £ = 0.8, main fractures develop
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at the boundary between connected and unconnected parts of the structural plane; at f = 60° and £ = 1.0,
failure is entirely controlled by connectivity rate, resulting in pure sliding failure; The full-process crack
propagation was observed via DIC, and detailed failure mode analyses were conducted.

(3) Soft-hard interbedded fractured rock samples with weak structural planes (dip angles = 15°, 30°,
45°; connectivity rates k= 0.2, 0.4, 0.6, 0.8, 1.0) were prepared, and a series of triaxial compression tests
were conducted under confining pressures of 0.3 MPa and 0.6 MPa. The effects of different connectivity
rates on peak strength, stress-strain curves, and failure modes under each confining pressure were analyzed.
The experimental results show that: The peak strength of rock samples follows the order: f = 30° > 15° >
45°; At 03 = 0.3 MPa and f = 15°, stress-strain curves of all k values exhibit initial strain hardening
followed by strain softening. However, for samples with # = 30° and k£ = 1.0, the curves transition to a
strain hardening state; For = 15°, failure modes involve horizontal tensile cracks in the soft rock layer.
For f = 30° and k& = 0.4-1.0, shear-dominated failure dominates in the soft rock. For f = 45° and k =
0.2—-0.8, failure initiates at the boundary between connected and unconnected parts of the structural plane,
with no visible cracks elsewhere. For £ = 1.0, failure is entirely connectivity-controlled, resulting in severe
sliding failure.

Key words: interbedded rock mass; joint dip angle; connectivity rate; mechanical properties; crack

evolution
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