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Analysis of dynamic splitting tensile failure and energy evolution
characteristics of Jinping marble

MIAO Fengchen, WANG Zhiliang, SUN Pan, LI Songyu, FU Jingjing
(School of Civil and Hydraulic Engineering, Hefei University of Technology, Hefei, Anhui 230009, China)

Abstract: Splitting tensile failure is one of the main forms of instability failure of tunnel surrounding rock. At
present, the mechanisms of rock crack propagation and energy evolution at the corresponding stages under
dynamic splitting conditions have been rarely addressed. In this study, the splitting tests were carried out on
Jinping marble samples using a split-Hopkinson pressure bar under different striking velocities. The dynamic
damage processes of the samples were simulated with the ANSYS/LS-DYNA finite element software. From the
perspectives of loboratory tests and numerical calculations, the mechanism of crack propagation and the
characteristics of energy evolution during the splitting process of marble were comprehensively analyzed. The
results show that the dynamic tensile strength of marble is linearly and positively related to the strain rate in the
range of 5s™' to 35 s™'. The strain rate sensitivity of the Jinping marble is relatively low compared with the marbles
of other regions. With the increase of the striking velocity, both the internal energy and kinetic energy of the
system increase. At the moment of sample failure, the internal energy of the system drops to a minimum. Based on

the calibrated parameters of Cowper-Symonds constitutive model, the final failure modes of the numerically
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simulated samples are basically consistent with the observed ones in the experiments. The research results of this

study can provide guidance and reference for specific engineering applications.

Keywords: marble; strain rate; crack extension; energy characteristics; numerical simulation
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Table 1 Basic physical and mechanical parameters of marble
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Table 2 Sample geometric dimension and corresponding

striking velocity
i Mg //mm d/mm po/(kgm™) v/(m-s™)
Cl4 1345 24.99 49.65 2779.89 5.11
C15 137.6 2538 49.72 2793.13 4.93
C21 138.2 25.40 49.70 2 806.09 5.06
Cl1 136.8 25.10 49.70 2 810.12 6.87
Cc2 133.9 25.10 49.68 2753.49 6.64
C18 138.6 25.54 49.77 2789.81 6.66
C8 136.1 25.60 49.72 2738.21 8.77
Cc9 130.0 25.13 49.66 2671.19 9.30
Cl1 138.3 25.40 49.72 2 805.13 8.88
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Fig. 2 Diagram of dynamic stress equilibrium
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