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Abstract

A finite element model for cement annulus crack propagation during hydraulic fracturing was es-
tablished based on the porous medium-fluid-solid coupling equations and the Cohesive Zone Method
(CZM). The study investigated the effects of in-situ stress, cement annulus Poisson’s ratio, and cement
annulus elastic modulus on parameters such as crack propagation length and pressure within the
cement annulus body, revealing the crack propagation mechanism. Results indicate that as fracturing
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progresses, the propagation length of the body crack increases. During the initial stage of fracturing
fluid injection, the axial crack length within the cement annulus expanded rapidly; the fracture tip
pressure surged sharply within seconds before stabilizing at a lower level; as the X-direction in-situ
stress increased, the axial crack length within the cement annulus exhibited a decreasing trend; a
higher Poisson’s ratio of the cement annulus resulted in a smaller axial crack length; and as the
elastic modulus of the cement annulus increased, the axial crack length within the annulus also in-
creased.
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Figure 1. Structure diagram of experimental device
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Table 1. Experimental device parameters
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Figure 2. Numerical simulation and experimental results
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Table 2. Dimensional parameters of each part of the model
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Figure 3. Numerical model of axial fracture propagation of cement ring body during fracturing
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Table 4. Simulated working condition setup for different influencing factors
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1 28 0.26 12
A 32 0.26 12
3 36 0.26 12
4 40 0.26 12
1 32 0.18 12
2 32 0.22 12
A 32 0.26 12
4 32 0.30 12
1 32 0.26 8
2 32 0.26 10
A 32 0.26 12
4 32 0.26 14
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Figure 4. Crack morphology of cement ring body at different time
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Figure 5. The relationship between the length of cement ring body crack expansion and injection time
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Figure 6. Diagram of the relationship between seam pressure and fracturing fluid injection time
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Figure 7. Expansion length and expansion pressure of body crack under different ground stress
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Figure 8. Propagation length and propagation pressure of body crack under different Poisson’s ratio
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Figure 9. Expansion length and expansion pressure of body crack under different elastic modulus
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