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Abstract

To improve the quality of well completion and cementing for shale gas wells and ensure the safety of
fracturing operations, this study conducts a systematic research on the crack propagation law of the
cement sheath during hydraulic fracturing. Given the critical role of the cement sheath in ensuring
system integrity, wellbore stability, and fracturing effectiveness, it analyzes the influence mechanism
of the thermal stress field on the mechanical behavior of the composite system. It reveals the regula-
tory laws of cement sheath thickness, cement sheath elastic modulus, and cement sheath Poisson's
ratio on its own stress state, and explores in depth the crack propagation law of the cement sheath
under different stress states. Furthermore, based on the multi-physics field coupling theory, by ana-
lyzing the simulation results combining theoretical modeling and experimental verification, a crack
propagation prediction method based on the Cohesive Zone Model (CZM) is proposed, which realizes
the accurate simulation of cement sheath damage evolution during fracturing. Meanwhile, a numeri-
cal analysis system involving temperature-stress-seepage multi-field coupling is constructed, and a
crack propagation prediction model suitable for complex geological conditions is developed. The re-
search findings provide a theoretical basis for optimizing cementing process parameters and ensur-
ing wellbore integrity, and prospect the development direction of multi-scale simulation and intelli-
gent monitoring technology under high-temperature and high-pressure environments, which have
certain guiding significance for the safe and efficient development of shale gas.
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