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Introduction
The fracture toughness of rock is a key index to judge whether cracks become unstable. It is also an important parameter in the design and numerical simulation of the hydraulic fracturing. The correct prediction of fracture toughness can quantitatively evaluate the compressive nature of reservoir, and provide reference for crack cracking and extension in fracturing process. In this research, we simulate the progresses of the fractures in the Brazilian discs with herringbone grooves, moreover, the effects of the density, orientation, and mechanical properties of the beddings on the fracture toughness are discussed based on the modelling results.
Methodology
Taking the shale of the Longmaxi Formation in the Changning area of the Sichuan Basin as the research object, according to the theories of fracture mechanics and damage mechanics, we establish models of herringbone notched Brazilian disc (CCNBD) on RFPA (Realistic Failure Process Analysis), which is a numerical simulation software for rock failure process, to analyze the effects of the density, orientation, and mechanical properties of the beddings on fracture toughness. In order to determine the meso-mechanical parameters of the element, uniaxial compression simulation test is carried out to calculate the uniaxial compressive strength, elastic modulus and Poisson's ratio of shale, and these parameters are compared with the mechanical parameters obtained by the physical experiment. Subsequently, a plurality of CCNBD models with beddings, as shown in Fig 1, are established with the determined parameters, and the effects of beddings density, beddings orientation and mechanical properties of beddings on fracture toughness are studied respectively. In addition, according to the crack initiation and propagation of Brazilian discs, the influence of the factors on crack morphology is discussed.
Results and Discussions 
The mechanical parameters of the shales tested by simulation are calculated and the corresponding fracture toughness changes are shown in Fig. 2, Fig. 3, and Fig. 4. As shown in Fig. 2, the fracture toughness of the simulation specimen decreases with the increase in the density of the beddings while the orientation of the beddings remains unchanged. Moreover, the fracture toughness of the specimens decreases first, as shown in Fig. 3, and then increase with the change of the orientation of beddings when the density of the beddings is unchanged, showing that the curve is wavy. As the strength of mechanical properties of beddings increase from 1/4 to 3/4, the fracture toughness of the samples increases gradually, and when the strength of bedding plane decreases gradually, as shown in Fig. 4, the fracture toughness of shale decreases faster.
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	Figure.1 Model Diagrams
	Figure.2 The relationship between fracture toughness and the bedding orientation under different bedding density conditions
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	Figure.3 Relationship between fracture toughness and bedding density under different bedding orientation
	Figure.4 The relationship between fracture toughness and the bedding orientation under different mechanics properties of bedding


Conclusions
Layered rocks of the same matrix, due to the difference in structural orientation caused by its bedding, can result in differences in the resistance to fracturing. Besides, the density of beddings and the mechanical properties of beddings are different, which will also lead to the change of fracture toughness of shale. Under the condition of unchanged bedding orientation, the fracture toughness decreases with the increase of bedding density. And the fracture toughness decreases first, then increases with the change of the orientation of the beddings when the density of the beddings remains unchanged, showing a wavy change. In addition, the fracture toughness of shale increases with the increase of the mechanical properties of beddings, and decreases rapidly when the strength of bedding planes decreases.
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