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Abstract: The formation of complex fracture networks in the shale subjected to cyclic impact loading is an important
scientific problem for water-free fracturing technologies of shale reservoirs, such as explosive fracturing and high-energy gas
fracturing. Two cyclic impact experiments based on a split Hopkinson pressure bar (SHPB) system were conducted on the
freshly exposed black mud shale taken from the Wufeng Formation-Longmaxi Formation in Changning County, Sichuan
Province, to investigate the kinetic response and damage evolution characteristics of the shale under different cyclic impact gas
pressure and different cyclic impact gas pressure gradients, respectively, and to reveal the energy evolution law of the cyclic
impact shale using different impact gas pressure gradients under the condition of controlling the constant total incident energy.
The main conclusions are as follows. With the increase in impact pressure, the number of impacts required to rupture the
specimen decreases, and the fragmentation and peak stress increase. The specimen undergoes cyclic impact showing the
mechanical response characteristics of compaction first and then gradual damage. The damage degree of the shale specimens
during cyclic impact was calculated by a dynamic damage model based on the Weibull distribution, and the results show that

the damage of the specimen gradually changes from slow deterioration to sudden damage by increasing the cyclic impact
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pressure. Different cyclic impact experiments with different impact gas pressure gradients were conducted. The results show
that under the condition of constant total incident energy, different cyclic incident energy gradients could produce different
damage effects, and the energy absorption ratio of the negative or positive gas pressure gradient of cycle impact is greater than
that of the zero ones. The absolute value of the pressure gradient shows a positive correlation with the energy absorption ratio.
It indicates that under the condition of constant total impact energy, increasing the absolute value of the cyclic impact gradient
can produce a better damage effect. The findings of the shale cyclic impact experiments can provide theoretical support for the
technological design of multi-stage pulsed high-energy-gas-fracturing.

Keywords: shale; SHPB experiment; cyclic dynamic loading; damage evolution
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Fig. 1 Sampling location and specimen preparation
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Table 1 Basic physical and mechanical parameters of the shale specimens

B /(kg'm ) JZHE/(°) P/ (mes™) PUE R E/MPa PR R /GPa HEL/N=4 P/ MPa

2619 0 4163 156 4.790 0.2 5.500
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Fig. 2 SHPB experimental system with confining pressure
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Table 2 Design of constant pressure impact experiments
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Table 3 Design of variable-pressure impact experiments
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Fig. 3 Failure modes of shale under different impact air pressures
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Fig. 5 Variation of stress-strain curves of shale with times of cyclic impact under different impact air pressures
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