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Simulation Study on Energy Evolution and Failure Characteristics of Layered Composite Rock
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Abstract: In geotechnical engineering, instability failure often occurs in multi-layer rock mass at the same time, and its different
combinations, lithology and other factors will affect the development trend of cracks. The discrete element PFC2D software was
used to establish the sample model, and the uniaxial compression experiment was simulated to reveal the influence of the
proportion of soft and hard rock strata on the mechanical properties, failure characteristics and energy evolution law of rock
samples. The results are drawn as follows. Firstly, the proportion of hard rock in the layered composite rock sample is the main
factor affecting the peak strength of the rock sample. As the proportion of hard rock increases, the peak stress of the rock
sample gradually increases. Secondly, the number of microcracks and the total input strain energy of the layered composite rock
sample are the minimum when the thickness ratio (R) of the adjacent rock layer is the smallest, indicating that the decrease of
R will lead to the early failure of the rock sample. Thirdly, the elastic energy consumption ratio K is introduced into the energy
analysis of layered composite rock samples, and it is verified that the increase of K value would be used as an early warning
signal for rock deformation and failure. Fourthly, the main failure mode of the layered composite rock sample is tension-shear
mixed failure, and the macroscopic cracks generally originate in soft rock part. Then. due to the sharp increase of the
transverse strain of the soft rock part, the cracks penetrate into the hard rock part, revealing that the failure of the rock sample

is a process of gradual loss of bearing capacity. The research results can provide a reference for practical engineering.
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Table 1 Specimen code and percentage of thickness

of interlayer with intermediate rock
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Table 2 Numerical simulation model parameters
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Fig.3 Numerical model of the laminated rock specimen

K3 ERVENFSHEARRBRERERBEE R

Table 3 Comparison of the results of indoor tests and numerical simulations for physical and mechanical parameters of rock samples
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Fig.4 Comparison of stress-strain curves of numerical

simulation experiment and laboratory test
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Fig.5 Stress-strain curves of laminated rock specimens
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Fig.10 The relationship between the energy and the number of microcracks when

the specimen is loaded to the peak stress and at the end of loading
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Fig.11 The relationship between the elastic energy consumption ratio K and the thickness of the middle rock layer
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